; iii T/i! 

i :• i 


' » ' • •••! 


0 

O 

■a 




-V M 


*3/^ ,*r- 


fv 




i * I : 


>£ 








. - A, 




■ ■!? • •!; 


Y) IV- si •'S 


1 i I 


| . 1; 

!» ■ . ikHi 


!' :: Si 


■ft fe 
1 ^ 




m 




i 




sens 






Wi, 


,7- *, 


</• 






w 








/ 


' -A: 


: ; . I .!.- i 

. !':■■ r : -;j|ii ! 

Y:m'\ 




Mi 


V 




m 


% 




A- 


■m 


ii il ■ 




. !,' !, I 






:Kn 


Ml 


■ASVL 




?tthe 


t n. 


Et- 




■ s* 


fe*» 








SKs, 


i'r i ! •:-»! 'i 


: . i \ i 


o 


**V 




41 


i 


t.v. 


Sr. 








- ii- 


V 


4 ». 


t£\- 




58 


\ 


W: 


i ■ -,: i 


i ; ■■ . : - i . • 

*. Mi ii v- ! i 


J ' I r .. , 

I • -I i- 








% 


r&m'S' 




ji 


a r : 1 


% 


\ 




M. ''ft;: 


\ tl : ' ' : 


• ! • lj 1 


> i .' • i ' : 

' 1 . V ! • ■ ■ ■ ■ 


"1:1 hi 


'Vt! 


Eos, Transactions, American Geopliysical Union 


Vol. 65, No. 39, Pages 721-728 


September 25, 1984 


Tectonophysics 


SIM) Tecronofhjile* Olale (ic(anlea) 

MN-COIMIVI CRITICAL COULOMB UEDCK9: JIM UACT I0LUT10A 

r. A, Dahlen (Dapirtaenl »t Geological and Oaophyaical 
Science,, frlnceren Unlvaratcy, Princatcm, Haw Jenny 
08144) 

Active (tU-inl-ihruii belt, or aubnarloe secret Iona r 7 


nniMlrlbly Ilia the HM-st atiuctura] trend* tMt 
prevail lo the central KM Baa aa wall aa In the 
Uulta that bordai the northern Red see and the Oulf 
oe Suea. Tha tectonic activity that Mined the auea 
rift in the aiMle-ltt* Kiccene waa net lajuvenatad 
there during the PUo-PleLatocena and the new date 
indicate that the exla or the tectonic a at a nil on at 


the northern Had Baa Jumped to ehow a northward 
orientation. It la auqgneted that an incipient 

apt ending center art end a iron tha Had sea northwara 
to the Oulf of Klat end the Dead Sen rift. (Red 
iLfta. d tapir m. apteaduiq center lump). 


J. Ceophya. Rea., B, Paper 48)019. 


tonpleiaa ran t* sadelWd aa critic ally iaptied wedges 
ol mterlal on tha verge of Couloab failnra everywhere, 
overly log a baaal decollaunt whare frictional aliding 
la occurring. Ignoring cohesion, the four atrengch 
piraaetere naedid to daacriba a critical Couloeb wedga 
are ita Internal and baaal coalllclania et friction a 
and it and in inlarfial and baaal Hubbart-lubay flold- 
praaaora rallaa 1 and t^. An aiact ra III ion batweaa 
tba aurfaca clopa a and baaal dip g of a noa-cohaalva 
critical wedge with uni fora propart laa ta darivad. Tha 
at ate of arraaa within aucb a wadge haa thv aaaa 
oriental ton everywhere, and a ii conatanl If I la end 
vite-varaa, A coafficiani of Internal friction p - l.l 
ia coniiatanl with tha known aurface alopa, baaal dip 
and para- fluid pcaieucea in tba actiua (ald-and-lhtuat 
bale of uaacarn Taiwan, aaauaing ■yarlva'i law u. - 0,gb 
la valid an the hue. Tht ulda variaty of tectonic 
■lylae obaarvel to occur along convergent eeegina, 
including aubductioit aroalon, active accratioa, aulr 
auction without accretion and even eatcDiloo and nbraal 
fiultlng, any be control lad by rolat ivoly nail apatlal 
or temporal variationa In eilhet u^ or 1^. 
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Chapman Conference 
on Vertical Crustal Motion: 
Measurement and Modeling 


J. Gaaphya. laa., B, Pager 410880 


A Chapman Conference on Vertical Crustal Motion: Measurement 
and Modeling will be held October 22-26, 1984, in 
Harpers Ferry, West Virginia. 

Convenor. William E. Strange ,A. 



g 


liii 


8110 Plata ttotanlca 

pRsnuffTiAL Rirrira op ooyriNEtnai A eoobck op 
displaced nuns 

Gregory 8, Vink (Dapartaant of Cool aglet I end Oaa- 
phyatcal Bclarcan, Prlncncon Oniaarnltp, Princeton, 
Haw Jaraay, 08H4), V. Jaaon Morgan and Ihr-LIng Thao 
Llthoaphorlc rirtlng, wfallt prawn loot la tha eoa- 
tlnanra, rarely occora In aclinic raglona, fa ex* 
plain this preferential rifrinA of continence we 

aaspara tha total strength or different 1 lihoiphoraa 
bp 1 at aj rating the llelta of llthnapbarle acraaa 
with depth. Coapnrlaona of total atrangtb Indian la 
that aont lentil luhatpbira la weaker than oceanic 
lUhoapbara by about a factor of thria. Alan, a 
thtebanad ernat can halva the total atrangth of 
annul coni Irani a 1 liibnaphare. laeauaa tba waakaat 
aria aati aa a atraaa guide, any rifting cloaa to nn 
ocaan-contlrint boundary would prater a continental 
pathway, fhla raaulta lo the formation of anal l 
continental frignanta nc ■icroplatai, ehtch once ac- 
creted bait to n continent during aobdurtlon am 
Man aa dlaplaecd tarranai. In addition, the Urge 
crunral thicbMataa la act I a tad with autura tonne 
Mold, Irmlmily, oakt aunh arnu likely iocntiana 
for rutura rirting cplandaa, Thla rMolte in tha 
tendency, daaeribad aa tha Ullmn Cycla, of naw 
oceans lo opts tlug the tutors vhsfs a famar aoaan 
had closed i (Rift log, displaced tsrrascp, lltho- 

■pharlc atrangth, HI I eon Cycla), 


This conference will bring together scientists who me 
motions and those who analyze and model these fftptil 
objective of obtaining close interaction b e t w e e n Hh' e 'jWi 
will be on vertical crustal movement in Nc^^jAr^ri^a 
addressed will be (1) What are the accurade^nd^ror soi 


fho measyi^^%Hc^ crustal 
e rriptibite ,vyith the primary 
Ihew^gfoups. Emphasis 
rf(^ri8a. Questions to be 
tfror sources assodated with 


eadi data type? (2) What isjh'^eyt&^of the current data base? (3) How 
accurately do we know v^tK&l motions in North America? (4) What 

are realistic expectations of com^butions from space systems and other new 
technologies in decade? (5) What is the current status of modeling 

vertical cndBal^t&tmn^6) How important is vertical motion, information to 
underfta^dlpg modeling earth dynamics? (7) What are the measurement 


undt^landlpg modeling earth dynamics? (7) What are the measu remen 

requli^Went^jd^upport modeling and analysis in terms of temporal and 
spatial y^nsity and accuracy? (8) What are the most critical defldend.es or 


vertical motion data relative to modeling and analysis? 
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J. Ceuphyi. Raa. , B, Paper 4IM16 


For housing and registration 
Infonnatlon contact: 


For program information contact: 


W. 
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»»o Plata nctmir, 

mmcrwwL nows in w mnwn red bra 
T. Hart fwaaiugraptiy dapoitaant. Tv XU aim 
U niversity, Callage station T* Han. 

The northem Rad flea ia u odd lain by a Sanaa of 
plio-Plalitocana aadUMntkiy strata that 
uncanforaably ova riles avapaittlo aarlas of lata 
Klocana ay*. A ear laa of bathyal iU|a and regatta tic 
dllphta, t tending appndtaataly K-a, watt tactntly 
dlacovaiad in that aaglni between lag. fa - ID'H and 

Tha elite w up to H tf long,, i ka wide, and 
tha dtaplta naponly aacend along tM lifts' 
boundary fnulta. tha dlaplra atam [toa the Uta 
Ktocana iMjotlln. Uinrafora It is r~m — ii that • 
tha discerned structural tmda vaya developed 
during tha Pllo-PlalatonM. 

Tha awMuotand aetuctufhl pat t etna daviata 


AGU Meeting Deportment 
2000 Florida Avenue, N.W. 
Washington, D. C. 20009 
(202) 462-6905 


Dr. W. E. Strange 
NOAA/NOS/CNGS/NGS/N/CG11 
601 Executive Boulevard 
Rockville, Maryland 20852 
(301) 443-2520 


Registration Deadline 
October 1, 1984 . 
Registration Fee $75 ' . 
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October 2, 1984 Eos 



Covering for GOES 

In the wake of Iasi July's Failure of ihe 
Geostationary Operational Environmental 
Satellite (GOES 5) weather satellite over the 
eastern part of the United States, managers 
at the National Oceanic and Atmospheric Ad- 
ministration (NOAA) are Hying to keep the 
weather data (lowing to satellite users around 
the country. The geosynchronous satellite, 
one of two GOES spacecraft stationed over 
American longitudes, lost its imaging capabil- 
ity on July 39 (£cu, August 21, 1984, p. 48S). 

Following the failure, the companion 
GOES- West satellite was shifted from its 
I35°W station to a more central position over 
the United States (98°W) so as to cover the 
eastern part of the country as much as possi- 
ble. Now, says William Cailicoti, deputy direc- 
tor of NOAA's Office of Satellite Data Proc- 
essing and Distribution, die lone remaining 
U.S. geosynchronous weather satellite will be 
sh'dlnl around with the seasons. At the end 
or this hurricane season, sometime after No- 
vember 15, GOES-West (or GOES 6, as it is 
officially called) will be moved from 98°\V to 
I08®W, where it can better keep watch on 
winter storms in the northeastern Pacific. 
Then, in mid- April, after ihe tornado season, 
it will be moved back to the central location 
of 98 a W. 

In the meantime, NOAA is providing 
weather encoded facsimile (WEFAX) data 
from nou-U.S. geosychronous satellites (viu 
telephone land lines) lo users who normally 
rely on the GOES data. The European ME- 
TEOSAT, stationed at 0“ longitude, can “see” 
as far west as 50° and so tills pan of the 
GOES data gap in the Atlantic Ocean. Once 
the Japanese Geostationary Meteorological 
Satellite (CMS) is operational in October, it 
will cover the western Pacific, including Ha- 
waii. By providing WEFAX data from these 
satellites for areas to the east and west of the 
North American continent. NOAA hopes to 
mimimize the impact of the GOES failure un- 
til a replacement satellite can be launched. 

The good news is that the wait for that re- 
placement may be shorter than was previous- 
ly expected. The spacecraft's builder, Hughes 
Aircraft Co., hopes to accelerate the produc- 
tion schedule for the next GOES satclliie by 
more than 6 months, according to Cailicoti. 
‘They’re taking all the slack out [of ihe 
schedule]," he told Eos, so that, if everything 
goes according to “almost a total success 
schedule," with no unforscen problems, the 
satellite would be ready for launch by early 
autumn of 1985 instead of May 1986. 

ESA/NASA Solar 
Polar Mission 
Renamed Ulysses 

The International Solar Polar Mission 
(ISPM), a joint project between the European 
Space Agency (ESA) and NASA, lias been re- 
named "Ulysses.” The primary mission of the 
project, which has not changed with Its name, 
is to investigate the properties of the solar 
wind, Lite structure of Lite sun/wind interface, 
ihe heliosphere magnetic field, the interplan- 
etary magnetic field, the solar wind plasma, 
solar and galactic cosmic rays, and cosmic 
dun. 

Scheduled for launch from the space shut- 
tle in May 1986, the Ulysses mission will 
make a 1 4-moiuh journey to Jupiter. That 


Dues 

Perhaps even more important than the 
amount of dues that you pay to -AGU is 
receiving what you paid for on time. The 
system tor processing these payments at 
headquarters is out of date, and we are 
replacing it. 

The member and subscription data 
were converted under rigid controls. We 
have taken pains to assure the complete- 
ness and the accuracy in the data conver- 
sion; however, there will be errors. We 
need you to assist in a final check on the 
data conversion. 

In die next few weeks you will receive a 
mailing w |,ich uses labels from the new , 
cremation system. Please watch for (his 
[nailing and make a note that you did in 
receive it. About a week later you will 
f lve a second mailing which uses labels 
N>m the current circulation system. This 
** 0n d mailing will contain a form for you 
^Jurn if you did not receive the initial 
aHing. if y OU rece i vc on ]y the second of 
g“? c failings, which will be clearly identi- 
m, please respond immediately by re— ' 
Hdng the form enclosed with the second 


planet’s gravitational effect will defiecL the 
probe inio a high-inclination orbit toward the 
sun. Reaching the sun about 2.5 years later, 
the satellite will take measurements over (he 
sun's poles. The entire mission will last 5 
years. 

The mission's new name refers not only to 
Homer's mythological hero but also to Dan- 
te s description in "Inferno” of Ulysses' desire 
to explore "an uninhabited world behind the 
sun." 

Glaciology 
Committee Formed 

A committee has been formed to draft a 
science plan for U.S. involvement in a second 
deep drilling project on the Greenland Ice 
Sheet. The first meeting was held in Colum- 
bus, Ohio, on July 12, 1984. This committee 
is addressing two primary issues: (1) potential 
scientific and logistic involvement in a new 
multinational program and (2) the advance- 
ment of glariolagical research in the United 
States through a science program in Green- 
land. The committee has received letters 
from U.S. scientists expressing support and 
interest in this deep drilling effort. 

The members ol this committee would be 
pleased to receive comments or ideas related 
to possible science programs utilizing the ice 
core, the borehole, or the logistics facilities at 
the drill site. The committee members are El- 
len Mostey-Thompson (Chair), Institute of 
Polar Studies, Ohio State University, Colum- 
bus, OH 43210; Anthony J- Gow, U.S. Army 
CRREL, 72 Lyme Road, Hanover, NH 
03755; Michael Herron. Schlumberger-Doll 
Research, Ridgefield, CT 06877; Kenneth C. 
je 2 ek, U.S. Army CRREL, 72 Lyme Road. 
Hanover, NH 03755; Barclay Kamb, Depart- 
ment or Earth and Planetary Sciences, Cali- 
fornia Institute of Technology, Pasadena, CA 
91 109; and Aslan: Khalil. Oregon Graduate 
Center, Oregon State University. Beaverton. 
OR 97006. 


Geophysicists 

Charles Elachi has been named manager of 
the Earth and Space Sciences Division of the 
National Aeronautics and Space Administra- 
tion's Jet Propulsion Laboratory (JPL) in Pas- 
adena. Calif. He succeeds Moustafa Chahine, 
who assumed the position of JPL chief scien- 
tist. Elachi, who joined JPL as a senior scien- 
tist in 1971, will continue as principal investi- 
gator on ihe Shuttle Imaging Radar (SIR) se- 
ries. 

Arnold L. Gordon, Professor of Geological 
Sciences at Columbia University’s Lamont- 
Doherty Geological Observatory, has received 
the ninth Henry Bryant Bigelow Medal from 
the Trustees of die Woods Hole Oceano- 
graphic Institution in recognition of his 20 
years of research in the Southern Ocean and, 
in particular, for his completion of the South- 
ern Ocean Atlas. In the citation he was de- 
scribed as “the world expert on the physical 
oceanography of the Southern Ocean." 

G. Rots Heath, formerly Dean of the Col- 
lege of Oceanography at Oregon State Uni- 
versity, has joined the University or Washing- 
ton as Dean of the College of Ocean and 
Fishery Sciences. 

Jerome Hamiat , a research meteorologist at 
the Scripps Institution of Oceanography, has 
been awarded the Marine Technology Soci- 
ety’s Compass Distinguished Achievement 


mailing. This will allow us to correct your 
record prompdy. 

Your membership identification num- 
ber will be changed. The new number will 
appear on all mailing labels produced by 
the new system. You can differentiate iL 
from your current member code by the 
changed structure: the new code is a nine 
digit all numeric key. Your current code 
begins with the first four letters pr your 
last name- We will make an announce- 
ment in Eos when the labels with the new 
codes are first used and give you other re- 
minders of this change. If you keep a re- 
cord of your current member code, watch 
for these nodees and substitute the new , 
code. All Tuture communications with 
AGU headquarters about your dues and 
subscriptions will be handled more 
promptly if you use your new member , 
ship number. Please also rerperuber to , 
write it on any checks sent to AGU/ IT for 

, any reason a check becomes separated 
on ' * .j ‘...a Min mnm nilirklV Ffr 


Award for 1984 "for significant contributions 
lo the an and science of oceanography and 
marine technology." Associated with Scripn's 
Climate Research Group since 1968. Namias 
has been involved in long-term weather pre- 
diction research and forecasting since the ear- 
ly 1940's. From 1941 to 1964 he served as 
chief of the Extended Forecast Division of 
the U.S. Weather Bureau and Trom 1964 lo 
1966 as associate director of the National Me- 
teorological Center. 

Glenn E. Slout has been named executive 
director of the International Water Resources 
Association (1WRA), Urbana, 111. Stout is cur- 
rently director of ihe Water Resources Center 
at the University of Illinois Urbaua-Cham- 
paign campus and editor-in -chief of the 
IWRA publication Water international. IWRA’s 
new address is IWRA, University of Illinois, 
208 North Romine St., Urbana, IL Cl 80 1 
(telephone: 217-333-0536). 

Alfred N. Fowler has become acting director 
of the National Science Foundation's Division 
of Polar Programs. 

Ill Mtmoriani 

Ralph hi. Berry, 74. died August 22, 1084. 
A member of the Geodesy Section, he joined 
AGU in 1959. 

JQrgen Henning JIHes, 58, died August 2, 
1982. A member of she Tecionupliysks Sec- 
tion, he joined AGU in 1973. 

Geophysical Events 

This is a siminury of SHAN Bulletin, y(H), August 
31, 1984, a publication ul the SiiiiihsnuiHn Institu- 
tion's Scientific Event Alert Network. The complete 
bulletin is available in ihe microfiche edition of Eos 
as a microfiche supplement or as a puper reprint. 
For the mtcrolichc, order document £84-009 at 
$2.50 (U.S.) from AGU FiiIIiIIiiicih, 200(1 Florida 
Avenue. N.W.. Washing lun, DC 20009. Fur die |j.i- 
per reprint, order SEAN Bulletin (giving volume and 
issue numbers and issue dale) tliruiigh AGU Sepa- 
rates ai the above jddress: llie price is $3 50 for one 
copy of each issue number fur tlmse who tin not 
have a deposit accnuui, $2 for those who do; addi- 
tional copies of each issue number arc S I . Subscrip- 
tions lo SEAS' Bulletin arc available from AGU Ful- 
fillment ai ihe 4buvc address: die price is $ Ik for 1 2 
monthly issues mailed to a U.S. address. $28 if 
mailed elsewhere, and must be prepaid. 


Volcanic Events 

Kliudievskoi (Kamchatka): Tephra ejec- 
tion; lava flows; la hart. 

Mayon (Philippines): Eruption clouds to 15 
km; pyroclastic Rows; lava Hows. 

Soputan (Indonesia); Ash eruption follows 
local scismiciLy. 

Api Stan (Indonesia): Tephra ejection, lava 
Rows, lahars; 20,000 evacuated. 

Rabaul (New Britain): Earthquake swarms 
and slow inflation continue. 

Manam (Bismarck Sea): Vuicanian explo- 
sions; glowing debris avalanches. 

Ulawun (New Britain): Increased seismic- 
ity. then small ash clouds and glow. 

Bagana (Solomon Islands): Lava produc- 
tion continues; SO?-rich plume. 

Langila (New Britain): Occasional ash emis- 
sion; seismicity weak. 

Home Reef (Tonga): Pumice from March- 
April eruption continues to drift north and 
west. 

Krafla (Iceland): Eruption from 8.5-km fis- 
sure. 

Etna (Italy): Lava production and asbemis- 
sion continue. 

Lake Monoum (Cameroon): Poisonous gas 
from lake explosion kills 37. 


any reason « — r , ,. 

from your order, we rin more quickly re-i 

solve the problem with this number in ; 

: ha ?or those wbd are Interested, we have • 
replaced the outdated batch processing 
software. tha t has been run at P service bu- 


reau for the last 5 years with in-house 
dedicated hardware nnd specialized soft- 
ware for the circulation of journals. Scien- 
tific journal subscription records are 
maintained on similar systems at Universi- 
ty of Chicago Press, MIT Press, John Wi- 
ley and Sons, and Springer -Verlag New 
York. 

The new circulation system wlllprovide 
far better statistical Information. Tnesc re- 
ports will be valuable in planning and in 
die promotion of journals to nonsubscrib- 
ing libraries. 

Input is Tar less complicated than with 
odr current system. The new soflware also 
has specific, sophisticated edits on the in- 
put, such as markers to catch duplicate 
payments, that are noi available to us cur- 
rently. , . . 

We are very enthusiastic about the capa- 
bilities of (his pew circulation system. It 
will significantly streamline our operation 
and improve our service ip you. Your 
cobperation and help In the transition will 
make the system effective promptly. 

;.Fred:Spllhaus 

• t ; . . EjcK^tiue.Dirriior 


Pacaya (Guatemala): Summit area lava pro- 
duction continues. 

Mount St. Helens (Washington): Intense 
deformation, then extrusion of new lobe. 

Long Valley (California): Seismicity at rela- 
tively low level and inflation modest since 
January 1983 swarm; U.S. Geologicul Survey 
says imminent eruption less likely. 

Kilauea (Hawaii): Phase 24; high fountains; 
thin tephra blanket. 

Veniaminof (Alaska): Vapor plumes, roar- 
ing noise, and felt earthquakes, 

Atmospheric effects: 10 years of Lidar data 
from Virginia summarized. 

Klhichevakoi Volcano, Kamchatka Peninsu- 
la, U.S.S.R. I56,18°N, I60.78°E). Aft times are 
local | = VT + 12 hours). 

Eruptive activity which began in March 
(Eos, p. 425, July 3, 198-1) continued through 
August. During periods ol maximum activity, 
ash was ejected to 5 km and bombs to 1 km 
above the crater rim (summit elevation 4850 
m). Lava flowed to the northwest, northeast, 
and southwest front the central crater; (he 
largest Row advanced along the northwest 
valley to about 3 km above sea level and 
crossed a glacier, forming mud flows. A cin- 
der cone has formed inside the central crater. 

On August 17 between 0733 and 1027, 
high- resolution ( hernial infrared and visual 
images from polar orbiting weather satellites 
showed a plume extending about 200 km 
southeast from die volcano below about 6 km 
altitude. Suviet volcanologists confirmed these 
olxscivniions, rc]»i]'ting tli:it on August 16-17 
a 1 5 -km- wide ash plume extended 200 km 
from the volcano. 

Information Contacts: D. V. Ivanov, Insti- 
tute of Volcanology. Piip Avenue 9, Pctropav- 
lovsk, Kanichatskii 683006 U.S.S.R.; Michael 
Matson. NOAA/NESDIS, Room 510, World 
Weather Building, Washington, D.G. 20233. 

Soputan Volcano, Sulawesi, Indonesia 
(/. I HV, 124.7 J°El. All limes are local ( * in 
+ 8 hours). 

A 5-hour explosive eruption occurred at 
Soputan on August 31. This was the first ac- 
tivity since the May 24-26 tephra ejection 
that deposited more than 10 cm of ash on a 
75-km s area at id forced two airports to dose 
(Eos, p. 425. July 3. 1984). 

Volcano logical Survey of Indonesia (VSI) 
seismic instruments recorded a progressive 
increase ill local seismicity beginning August 
6- On August 14, a sequence of tremors ap- 
peared between 0400 and 0800, with ampli- 
tude increasing to 25 mm (at 2000 magnifica- 
tion). VSI issued a warning to civil authorities 
and an alert was put into effect on August 14 
Seismicity continued August 15-25 with an 
irregular number ol A- and B-typc events, 
averaging 1-2 per day. From August 25 until 
the time of the eruption, seismicity totally 
stopped, increasing suspicion among VSI sci- 
entists that an eruption was possible. 

The eruption started at 0709 on August 3 1 
and lasted until about noon. An ash column 
rose to about 6 km and moved northeast- 
ward. Authorities and area residents were 
well prepared, and neither casualties nor an 
evacuation were reported. Press sources re- 
ported that the ash cloud could be. seen from 
Manado, the provincial capital 80 km lo the 
north. The asn cloud covered a large area 
and disrupted traffic on the Trans-Sulawesi 
highway. 

On August 31 at 1457, a visible band image 
from the NOAA 7 polar orbiting satellite 
showed a plume extending about 450 km 
westward from the volcano. The plume was 
quite dense and about 120 km wide. 

Information Contacts: Adjat Sudradjai, Di- 
rector, Volcano logical Survey of Indonesia, 
Diponegoro 57, Bandung, Indonesia; Michael 
Matson, NOAA/NESDIS, Room 510, World 
Weather Building, Washington, D.C. 20233; 
United Press International. 

Krafla Caldera, A/jhwfn Area, Iceland 
(65.?3°N, 16.6S°W). The following is a report 
from Karl GrBnvold and P&U Einanson, 

"After a quiet interval of 2 years and 9 
months, an eruption broke out at Krafla on 
September 4, 1984, The eruption In November 
1981 and associated deflation of magma res- 
ervoirs below Lclrhnjdkur were followed by 
inflation, reaching previous levels in early 
1982. Since then slow and intermit tent infla- 
tion has continued, accompanied by earth- 
quakes In the reservoir roof. 

“Rapid deflation over ihe magma reset--, 
voire, followed by volcanic tremor began 
September 4 , at about 2025, but the eruption 
broke out at 2349. The beginning of the 
eruption was observed from die air bv alerted 
scientists and p television reporter. Tne first 
fissure segment opened about 6km N of ' 
Leirhqjtikur, followed within a minute by an- 
other about 3 km to the S. The fissures 
quickly joined and in lTtotir reached their 
lull length of 8.5 km, : exlending from Lcirhn- 
jtikiir to the N. During (he first hours lava . 

. was erupted along the whole fissure, advanc- 
ing on broad fronts. 

. "Already in the early hours of the morn- 
ing, tht; activity hjad decreased and lava pro- 
duction on vaijous sections of the fissures - 
had faded out. By riliddsy bn Septembers, 
inflation tad resumed. By September 

News (cent, on p- 735) 
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Drifting Derelict 
Trajectories 
in the North 
Atlantic 

Philip L. Richardson 

Introduction 

In December 1883 the U.S. Navy Hydro- 
graphic Office, a branch of die Bureau of 
Navijp nion of the Navy Department, began to 
publish monthly Pilot Charts. Earlier, ocean- 
ographer M. F. Maury had produced some 
summary survey charts showing ocean cur- 
rents, winds, sailing rouLcs, and the locations 
of whales. The new chans were unique in 
that they showed updated positions uf dere- 
lict vessels and other drifting debris. From 
this series of positions of identified fie relicts 
I he first ocean trajectories were obtained. 
Much of this information has been forgotten 
during the last I (JO years, and good collec- 
tions of the Pilot Charts are rare. (The onlv 
complete collection dial I could find is held 
bv the Defense Mapping Agency.) This article 
is a recompilation and description or these 
early trajectories and a reminder of the use- 
fulness of the Pilot Chans. It also provides a 
glimpse of a little known pari of maritime 
history, the last days of wooden sailing ves- 
sels. 

The Pilot Chart 

The new Pilot Charts were prepared to 
supply a reliable plotting sheet and a graphic 
presentation of recent as well as general sum- 
mar) information for mariners [Hayden, 

18881. The charts were issued free to naviga- 
tors in return for their reporting recent navi- 
gational and weather information. The suc- 
cess of the Pilot Chart was due to the large 
number of observers that contributed infor- 
mation for eadi month's chart and its rapid 
distribution to ships. In the late 1800's there 
were nearly 3000 voluntary observers, mari- 
ners who crossed the North Atlantic and who 
patrolled its waters. Reports or marine meteo- 
rology and dangers to navigation were col- 
lected from these observers at 1 1 branch of- 
fices and forwarded to headquarters in Wash- 
ington where the latest positions of wrecks 
and derelicts were plotted on a large black- 
board. The Pilot Charts incorporated. these 
data and were published and distributed at 
the beginning of each month. In November 
I89S the office received no less than 400 re- 
ports daily from vessels in the North Atlantic 
alone. In New York during 1886-1887,6,739 
vessels were visited, 3,601 reports were for- 
warded to Washington, nautical information 
was furnished to 83,345 masters of vessels 
and others, and 10,397 Pilot Charts were dis- 
tributed [Hayden, 1888]. 

Derelicts 

A derelict is n vessel abandoned at sea. 
Derelicts that survived more than a few days 
at sea Were usually wooden sailing vessels, 
and the longest surviving of these were often 
lumber schooners. From the point of view of 
a ship captain, a derelict vessel is a formida- 
ble obstruction to navigation. A collision with 
a derelict « night or in fog could damage or 
sink a ship. In our age of metal ships it h not 
generally recognized how many derelicts 
there wete nor how long they remained 
aHoat. The Atlantic was literally strewn with 
numerous “Mary Celestes" in various stages 
of disintegration. 

The nil mber of reported derelict sightings 
; reached a maximum toward the end or the 
19th century [Hydrographic Office, 1894], Dur- 
mg 1893, a year of particularly numerous 
, derelicts, there were 732 reports of 4 18 dif- 
ferent derelicts. One hundred six of these* 
derelicts ; were identified by name. Ail but two 


or three of these dcrclicis were wooden. Over 
a 7 year period, 1887-1893. a total of 1,628 
derelicts were sighted, an average of 232 an- 
nually, 19 per month. This suggests that at 
any one time at leasL 19 derelicts remained 
afloat in the North Atlantic. The average 
length of time a derelict remained alloat is 
estimated to be 30 days. Tliis lime is based on 
assuming a derelict remained afloat I day af- 
ter its last reported sighting or 3 days for a 
single sighting. During 1887-1893 there were 
1,944 reports of the 482 identified derelicts 
giving an average of four sightings per dere- 
lict. The greatest number of derelicts were 
first reported in Septcmbcr-November and 
were caused by severe storms. Most were lo- 
cated in the Gulf Stream off the U.S. coast. 
The numbers of sightings gradually de- 
creased eastward along the transatlantic 
steamer routes. Many of the large number of 
derelicts observed during the fall of 1893 
were caused by a scries of three hurricanes 
which occurred in August of that year. 

Derelict Trajectories 

Numerous derelicts remained afloat over 
half a year and were reported often enough 
to give long and interesting ocean trajector- 
ies. A listing of derelicts that floated longer 
than 200 days Is given by Richardson [ 1984]. 

Six of the derelicts drifted longer than a 
year: (I) schanncr Fannie E. Walston, 1 100 
days; (2) schooner Wyer G. Sargent, G15 days; 
(3) bark Telemch, 551 days; (4) bark Vincenzo 
Perrolta, 536 days; (5) schooner Ethel M. Da- 
vis, 370 days; and (6) schooner James B. 

Drury, 367 days. 

The trajectories of three long-lasting and 
far-drifting derelicts are shown in Figure I. 
One of the Ik&i known or these was the 
three-masted lumber schooner W. L. While, 
belonging to A. F. Ames of Rockland, Maine. 
She was abandoned off Delaware Bay during 
die great blizzard of Mnrcli 13, 1888. A tele- 
gram dated Stornoway, Hebrides Islands. 
Scotland, January 23, 1889, marked the ter- 
mination of the IVAiVs 310 day transatlantic 
drift. SEie ended stranded upon Haskcir Is- 
land in the Hebrides. 

The White began her drift southward un- 
der the influence of the inshore current and 
northwest gale, with masts and portions of 
her sails standing. Upon read ling the Gulf 
Stream she turned and followed a east-north- 
east course ai an average speed of about 32 
miles per day. From May to Novemljer 1888 
she looped and zigzagged east of Newfound- 
land directly within a major shipping lane. 
During these 6 months she was reported by 
3G vessels, three of which sighted her in a sin- 
gle day. In her cruise of 10 months and 10 
days, she traversed a distance of 5,900 miles 
and was reported 45 times. 

Althuugh the detailed paths of the derelicts 
are very different from each other, there are 
some similarities which might be described as 
patterns. Eight of the longest drifting dere- 
licts moved eastward in the Gulf Stream until 
they reached 50°W where their paths di- 
verged. Three derelicts continued eastward 
and crossed the Atlantic in an average time 
of 1 0 months. The White took 3 1 0 days, the 
Twenty- one Friends look 255 days, and the 
Hunt took 347 days. Six derelicts drifted 
southward From the Gulf Stream near 40"W. 
The Drury and the Hill both made tight turns 
and drifted westward just south of the Gulf 
Stream. The Walston made a complete circuit 
of the gyre during its 3-year drift. This dere- 
lict drifted south to 25"N, westward to the 
Bahamas, and then northeastward into the 
Gulf Stream again, crossing its earlier path. 
The trajectory of the Telemach, which was 1 .5 
years long, is similar to pan of the Walston's. 
Two derelicts drifted erratically but in a gen- 
eral southwesiward direction through the 
Sargasso Sea and grounded on the Bahama 
Islands. 

Most derelicts looped as they drifted. The 
Sargent and Walston made large, 500 km loops 
with a characteristic period of 10 months 
near 30°N. 40 r W. Several other derelicts 
made frequent smaller scale loops: the Per- 
rofla and Francis in the Sargasso Sea and the 
White east of Newfoundland. 

An example of variability of ocean surface 
currents is given by the drift of the bow and 
stem of the Fred B. Taylor. On June 22, 1892, 
the Trave collided with the Taylor and die lat- 
ter was cut in two (From Pilot Chart, Septem- 
ber 1892}. The forward and after parts sepa- 
rated and drifted in entirely different direc- 
uons (Figure 2). The bow went 340 miles 
during 93 days and was reported 47 dines. 

The stem went 3B0 miles during 47 days and 
was reported 20 dmes. The different dircc- 
Uons could have been partly caused by the 
different areas of bow and stern presented to 
the wind and current 

Superimposed Trajectories 

A summary diagram was prepared that ' 
shows 200 derelict trajectories reported In the 
Pilot Chart* from 1883 to 1902 (sec cover). 
Earlier but less complete charts showing tra- 
jeaories of derelicts have been given In the r 

supplements of February, ;l889qnd 1893 to : 


the Pilot Charts, by the Hydrographic Office 
[1894], and by Hautreux [1897]. Derelict ves- 
sels which first appeared near the U.S. Coast 
south of Long Island and north of Gnpe Hal- 
teras usually drifted in a southward direction 
following die inshore current until they 
reached Hatteras. where they entered the 
Gulf Stream and drifted eastward. 

In general, derelicts entered die Gulf 
Stream north of 30°N and moved eastward in 
the Stream. When they reached the area 
south or the Grand Banks, near 4n°N, 50“W, 
they split into two bands of trajectories. The 
first band reaches northeastward and then 
eastward, passing north of the Azores be- 
tween 40° and 50°N. The second band ex- 
tends southeastward and then westward near 
25 D N. Six derelicts moved southward between 
the Azores Islands and Spain and Portugal. 
The general pattern indicated by the collect- 
ed trajectories is of a large clockwise gyre 
split into two branches, one branch located 
north of the Azores, the oilier southwest of 
the Azores. The splitting of the Gulf Stream 
near the Grand Banks lias been confirmed by 
more recent measurements [Metro, 1967; 
Clarke et ai, 1980], but it is still controversial 
[Worthington, 1976]. 

Superimposed on the large-scale, long-term 
general circulation pattern can be seen con- 
siderable current variability. The derelicts do 
not often smoothly fallow the large-scale 
gyre; instead they drift in convoluted trajec- 
tories that often cross each other. The convo- 
luted paths give an early Lagrangian measure 
of mesoscalc eddies and longer period cur- 
rent fluctuations. We now know that the 
ocean is populated by energetic eddies that 
are usually much stronger than the mean 
currents [Schmito et al., 1983; Robinson, 1983]. 
Recently, the importance of these eddies to 
the general circulation has been recognized, 
and they have been studied intensively. Be- 
cause of these eddies, the mean circulation 


becomes recognizable only by averaging a 
great quantity of observations in space and 
time, as can be done by eye on the cover. In 
die Gulf Stream, the North Atlantic Current, 
and the North Equatorial Current, one dear- 
ly sees the general drift in spile of the eddies. 
In the Sargasso Sea the trajectories are domi- 
nated by mesoscale eddy motion. 

One should be cautions about interpreting 
all the motion indicated by trajectories as be- 
ing due to water movement. Derelict ships 
varied in size and weight and in state of dam- 
age when abandoned. Some were totally dis- 
masted and filled to the gunwales with water. 
Along with the 30% of the sightings which 
were of vessels that had turned bottom up, 
these probably provided a good indication of 
the speed and trajectory of near surface wa- 
ter. Derelicts with masts standing and those 
riding high in the water would no doubt be 
significantly influenced by the winds blowing 
direedy on the mast and exposed hull. 

There are the additional problems of posi- 
tion errors of the reporting ship, misidemifi- 
cation of derelicts, and infrequent sightings. 

It is difficult to evaluate with the available in- 
formation how accurate the details of trajec- 
tories really are. The average number of days 
between sightings is about 20, which is sulfi- 
ciendy small that we can see some aspects of 
mesoscale eddies but not small enough except 
in a few occasions to resolve individual loops. 
Despite the lack of frequent and precise posi- 
tions. the collection of the trajectories repre- 
sents a realistic view of die general Lagrang- 
ian circulation and of current variability. 

Within the last decade, freely drifting 
buoys remotely tracked by satellite have be- 
gun to be used in large numbers to measure 
velocities and trajectories of near-sutface cur- 
rents. The newer measurements have the ad- 
vantage over earlier derelict trajectories of 
several fixes per day and a higher positional 
accuracy. From a collection of these measure- 
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JjS- Tra J ectories ° r <l) llie schooner IV. L. White from March 13, 1888, to January 23, 
Ion? 1 3 miles and 310 days; (2) the schooner Wyer C. Sargent from March 3, 

1891, to December 6, 1892, a drift of 5,500 miles and 615 days; and (3) the bark Vincenzo 
Perrotta from September 17, 1887, to April 4, 1889, a drift of 2,950 miles and 536 days. 
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merits we have been able to obtain a more 
quantitative picture of aspects of die geneiai 
circulation and of the geography r,f ocean 
variability. A summary figure of [he b„ ov tra- 
jectories [RtchanUon, IU83] shows genet al d m 
tents very similar to du>se of die derelict tra- 
jectories. [f these buoys continue to be de- 
ployed in the Nordi Atlantic we might exncct 
that die numbers of their trajectories may 
eventually surpass the numbers of drift ins 
derelict trajectories. " 

Derelict sightings and trajectories have • 
been viewed here as giving interesting infor- 
mation about ocean currents. We should not 
forget that this information came with a t 
tc loss of life and shipping. Toward the end 
orthc 19th century. 12,000 lives .md 2 ->00 
vessels were Inst ai sea each year worldwide 
(supplement to February 1893 Film chant. 
Each severe storm that was encountered at 
sea left new derelicts in its path and addc!d 
new names to the long list of vessels and men 
who left port but were never heard of again . 
The plots or derelict sightings are a sad re- 
minder or lost vessels, suffering, and death. 

Summary 

Pilot Charts, published monthly r!u,-j nK t | le 
last two decades of the I9lli century, reveal a 
rare .interesting and tragic glimpse of man- 
Ume history m detailing observaiinns of drift, 
mg derelict ships. The large collccton of der- 
elict sightings was made possible by the excel- 
JenL and Fast reporting system established by 
the Navy Hydrographic Office. Numerous 
voluntary observers reported dangers to navi- 
gation which were quickly incorporated into 
the next month's chan. By 1900, however 
wooden sailing ships, which comprised most 
of the derelicts, had been superseded by 
steamers, and derelicts became infrequent 
Di .fting derelicts gave some first examples 
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Mathematical 
Models for 
Zooplankton 
Swarms: Their 
Formation and 
Maintenance 

Akira Okubo and James J. Anderson 

Introduction 

Many aquatic invertebrates are known to 
form swarms and schools. Tims, zooplankton 
arc usually distributed unevenly both in verti- 
cal and in horizontal directions. There are a 
greaL number of studies on zooplankton 
swarms ranging from simple records or ob- 
servations to more extensive functional and- 
behavioral investigations. Yet, no attempt has 
been made on mathematically modeling these 
phenomena, chiefly because of the lack of de- 
tailed data an individual movements in 
swarms. 

Swanns are groups of individuals engaging 
In more or less cohesive movements without 
parallel orientation. The presence or absence 
of parallel orientation distinguishes schools 
from swarms. Individual organisms in a 
swarm apparently exhibit irregular move- 
ments which might be regarded as random. 
However, random motion alone makes a 
group of organism spread out to occupy a 
larger space as lime progresses (j.e., diffu- 
sion). Therefore, an adequate model for zoo- 
plankton swarming must assume certain reg- 
ularities in the motion of individuals super- 
posed upon its randomness. This 1 

deterministic part arises primarily from be- 
havioral interactions between swarming indi- 
viduals and possesses the nature of an attrac- 
tive force. A swarm is maintained by the bal- 
ance between, the deterministic and stochastic 
forces. Modeling for swarm formation in- 
volves random search for prey or conspcdfic 
individuals followed by accelerated aggrega- 
tion as a result of mutual communication or 
biological cue. 

does your library , 

- subscribe to the . J 

Water Resources 
Monograph Series? 
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and dynamical models for the mainte- 
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Kinematic Interpretation 
of Difference Between 
Swarming and Diffusion 
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swarm dimension, the variance of the dis- 
placement « calculated by averaging X 
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If. on die niher li.unl.jl) is 

c “ v tlwcnbc swarming, *• r,msi appmadi n 
coiisciiii value Tor steady state swarm inaime- 
nance. This is satiihcd only if R, {T ) uscillaies 
aijout zero value in such a manner that 
nl R L (nh approaches zero asymptotically, 
and. consequently. il,e second iniegr.il of (|, 
approaches a negative constani value. In 
physical terms, the individual molions appear 
to resemble a random ijcndulnni-like motion 
about .v = 0. Expenmen tal coiifirmaiinn on 
this model would be to determine the velocity 
autocorrelation coefficient of individual ani- 
mals hi a swarm. 

Dynamical Model for the 
Maintenance of Swarm 

We now consider a dynamical model for 
swarm maintenance. Newton's equation of 
motion will be applied to swarming animal 
motion. We assume that (I) the frictional 
force is proportional to the velocity of orga- 
nism (in Fact, Reynolds numbers associated 
with zooplanktere range from 0.1 to 500 
[Zaret. 1980] so that the Stokes' law of drag 
may not be applicable to some large and fast 
moving zooplankton); (2) the nonrandom 
force is attractive by nature toward the center 
of swarm and dependent on die distance 
from the center; and (3) the random force is 
a type of white noise. 

Then the equation of motion is given by 

(Px dx . 

d? ‘ 7t ~ * x “ *W + AW (5) 


where k is the frictional coefficient, to is the 
frequency of harmonic component or the at- 
tractive force, 4> (*) is the acceleration due to 
anharmonlc component of the attractive 
force, and .4(f) is the random acceleration of 
a white noise nature; • ■ 

“0 <AWA(( + t)) - 2B8 (t) (6) 

where B Is the intensity of the variance.of 

MD- 

An approximate analytical solution of (5) 
may be obtained by tiie method of equivalent 
linearization [Bulsara et a!.. 1982]. To this ; 
end, (5) is replaced; by a linear system with an 
equivalent linear frequency u, such that , . 

w, 2 » u 2 4- (* Mxjyfr 2 ) (7) 

where the angle brackets denote a time aver- 
" age overdone cycle of osdllqtion ofx *« q sin ' 
a , . , ' • : , - . . . ■ ■■ 

Solving thus linearized version oF (5) tot x, '-’. 


we calculate the velocity-autocorrelation coef- 
ficient to be 

R/.h] =» e 11/2 (cos U|T — A/2u»| sin tU|T) (8) 


.wi r * u»,-’ - k : /4 ( iij 

Also the variance is found to be 

** =*«*>/ (10) 

as / — * oo. 

This dynamical model enables us to obtain 
the variance of displacements of swarming 
aiiima! in terms of panmieiers that character- 
ize the motion ol individuals. The square 

Wth°rer ^ 5CalC [ L hc ^ a,ial c «ent of ssvarm. 
rSS. p . mo,,,fica ‘ions on the stochastic 
fore! |g function A[t) tl. c dynamical model 
equatton (5) or its equivalent linearization is 
1980* PP ,CMb C IO schaol|n 8° f fisk [Okubo. 

In view or the assumed nature or the sio- 
chasuc force the random process (x. u) is 

and lhc probability density func- 
tion (p.d.r.) p 2 (.v. ir, t} oficys a Fokker- Planck 
etjuaiion. We dais ohtain rron. (5) and (G) 

& 0x 0v 

{(- kv - «u 3 .v - *(*))/,,) + b (] |j 

0v- 

Sinrc p 2 is an even function of .v and the non- 
nun I oiii attractive force is an odd function of 
•x, integral ol (II) over x leads io 

^ + (ia) 


p, (v, 0 J ^ p 2 (*'. i', t)d\: p.d.f. of veloiity 


Fur sieatlv state /»,.* 

p.Hr) = (*/2ir t .-«» . 2 (M| 

which is the Maxwellian velociu disnihuiio,. 

1 he pd.l. of displacement c iri.is. fi t - oh- 
taint-fl bv integrating p : i.\. ,) 

pwtx. f> = J r P:ix. v, n dv ( (",} 


Altei n.iiuels . ij we use (lit- SiiK,Jiu| H .,vski- 
Kr.iiiier ;i|ipr« ix i iii.ii tun .ir the meihod «( 
abatic eliminuiion [Gindiut r, 1 1183] in (5j wc 
ohi.im 

a + Mx) . B b : p t 
Ot Ox 1 * P ' U ~ktf Hf.j 


The steady .sidle p.d.f. p* gives the num- 
ber density distribution of swarming nrga- 


P*dx) = p oe xp{-^-f< 


where p a a (he density al die swarm center. 

1 fie nnn-Guassiaii density distribution arises 
fi-om the anharmonic attractive force. Since 
> 0, the density disiribiiiion lends to be 
platykuruc. It is conceivable that the anhar- 
raonic at tractive force is a manifestation of 
density-dependent advccuve \-elodty toward 
the swarm center. It is a built-in mechanism 
to maintain a sharp boundary of concentra- 
tion despite a general tendency to spread bv 
tfie random component of motion. The net 
effect also produces a more or less uniform 
density of organisms within a swarm which is 
characteristic of a pialykuritc distribution. . 

Comparison With Data 

Verification of our mathematical models 
lor swarming requires comparisons with ap- 
propriate data; to our regret no such data 
really exist in the marine field. In despera- 
tion we are forced to borrow data from “acr- 
oplankton" (i.c., insect) swarming. 

High-speed filming on. swarming of 
midges. Amrete prilchardi Kim, provides us 
with basic kinematic data for evaluating 
swarm maintenance characteristics surh as ve- 
locity autocorrelation coefficient, velocity fre- 
quency distribution. acceleration field, swarm 
dimensions, and insect number density disiri- 
I977] 1 { ° ktthoand , 074: Ohubo et al„ 

figure. 1 shows the. velocity- and hCcelera- 
tion-vector field of individual midges in an 
Instance dr swarming. The midge of size 1-2 
mm moves with high accelerations, occasion- 1 
ally twice or more the acceleration of gravity. 

(G). The motion inside die swarm louks more 
or less fandom in both velocity and Sccelera- . 

ton, but die midge- Is subject to an inwat’d . ’ 

force (or ratlipr acceleradon) which is felt 
strtmgly a.L the swarm edge. As ive model iri ; 

(5), the presence oTi tills in ward -oriented 
force plays a crucial role in maintaining the' 
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Fig. i. Velocity and acceleration Held 
of individual animals in an instance of 
swarming. 
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Fig. 3. Velocity uitlocm relation cue Hi - 
cicnt of swarming animals versus lime lag, 


swarm against a general tendency of spread 
by the randomness in the niution. The accel- 
eration field in swarming can be seen more 
clearly in Figure 2, where we plot the mean 
acceleration or swarming animals against nor- 
malised distance from the swarm center. 

Figure 5 shows the velocity autocorrelation 
coefficient against lime lag. The theoretical 
curve is based on (8) with k = fi.H/s anti w, = 
3I.6A. The observed behavior of the nuiucor- 
rcldtiou coefficient is consistent not only with 
the kinematic inierprelalion of swarming but 
also with the dynamical model. 

Figure -1 shows (lie frequency distribution 
of insect speed in a swarm, which can be well 
approximated by the Maxwell speed distribu- 
tion. The theoretical curve is based on (14) 
with k = 6.8/s, B - 1.22 x It) 4 cm 2 /* 3 ; the val- 
ue or B is estimated from the observed mean 
squared velocities nf individuals. 

The number density distribution of swarm- 
ing individuals is in fact plaLykurtic as our 
mathematical model, equation (17) predicts. 
For six swarms of Anarete the mean kurtosis is 
2.G0, and the difference from normality 
(Kurtosis = 3) is statistically significant. As 
explained earlier, this deviation from normal- 
ity arises from anharmonic attractive forces 
that correspond to density-dependent advec- 
live velocity toward the swarm center. Okubo 
and Chiang [1974] obtained empirically with 
Anarete swarms that the advective velocity 
scaled by diffusivity is proportional to the mi- 
nus V* power of the number density. 

Dynamical Model for the 
Formation of Swarm 

Modeling swarm formation is much more 
difficult than that of swarms maintenance 
simply because we deal essentially with a tran- 
sient behavior. The dynamical model of 
swarm formation assumes two processes (i.e., 
initial random encounter of conspecific indi- 
viduals and accelerated aggregation fol- 
lowed). 

The initial phase or swarm formation may 
be modeled in a way similar to Audenan 
11981]. Namelv, the change with time of the 
number of inclividuals N(t) in a swarm is de- 
termined as the difference between the rate 
that zooplankton enter the swarm, which is 
independent of N without communication, 
and the race that zooplankton exit from the 
swarm, which is proportional to A.'. We thus 
have 


,iN 

n = ■ - fcV 


where a and b are constants. Possible stoclias- 
ticiiy in a and b may be incorporated [Andrr- 
i on, 1981], The solution of f 18) subject to N 
** 1 (one Individual) at / » 0 describes an as- 
ymptotic approach to a stable equilibrium N f 
“ nib with u rate of b~ l . 

This equilibrium state would not be real- 
ized. however, if mutual communication ex- 
ists as swarming progresses. Some possible 
mechanisms by which zooplankton might 
communicate are light, pressure changes due 
to sound generation, and cliemoscnsory by 
means of pheromones. Aggregation behavior 
in response to pheromones has been Well ' 

; known in insects, and chemical communica- 
tion has been observed in copepods and 
planktonic shrimp, . 

If chcmaserisory is assumed as the media- 
qlun, qf iod plank ton communication, we can 
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Fig. 2. Mean acceleration of swarming 
animals versus normalized distance from 
the swarm center. 
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Fig. V. Speed frequency distribution of 
swarming animals. 


construct a simple model for the accelerated 
aggregation process that leads to a massive 
swarm or "superswarm." 

First consider diffusion of a chemical from 
a spherical source of radius W. For steady 
state the concentration of chemical C is given 
by 

CM -> QHirA’r rafl (19) 

where ^ is the rate ol release of chemical, K 
is diffusivity, and r is the distance from the 
center of the sphere. 

We now regard the source as a swarm, in 
which iVp) is the total number of individuals, 
p is the mean volume occupied by one indi- 
vidual. and q is the emission rate of chemical 
by one individual; 

C(r, /) = qpN{t]/AttKT (20) 

Let C* be the threshold concentration for 
chemasensorv response. Then the effective 
sphere of chemical communication around 
the swarm has the volume of 




Any individual who happens to be within the 
sphere of influence will be attracted to the 
swnrm by chemotaxis. Let v be the velocity of 
chemoiaxis and S a be the background density 
of zooplankton. Then die change with lime 
of the number of individuals in the swarm is 
given by 

dN 

— = Vi a v = v^nf/V 3 - XAO ( 22 ) 


* 3 M* KC* } 


3 (4uKC*) 3 
" 4v ? P 3 

The solution of (22) subject to N => N a at t 
f 0 is obtained by 


[t^ 


MV„ -2 ) exp {2Xv5gp.(r 


Discussion 

We have outlined mathematical models for 
the formation and maintenance of zooplank- 
ton swarms. The theories extend beyond the 
ability of observation in many instances, and 
this may be criticized since some consider that 
theory without observations is a scientific 
crime. In fact we believe it is a crime not to. 

In justification of this view we reference the 
synergistic relationship between theory and 
observation in particle physics. In many ways, 
zooplankton are not unlike particles but with 
very elaborate laws of governing their behav- 
ior. 

Our approach at this lime is to consider the 
very basic features of swarming and to com- 
pare our mathematical models with available 
data on insect swarming. To proceed into 
marine swarming, kinematic data on zoo- 
plankton swarming arc urgently needed for 
evaluation of the mathematical models. For 
example, information on the basic swarm 
properties: the density of swarms in a habitat 
and the density of zooplankton in a swann 
will enable us to estimate at least the ratio of 
the diffusivity and the attractive forces in 
terms of the number of density [Okubo and 
Chiang, 1974). 

In perspective, this paper is written by two 
persons who eagerly undertake to build mod- 
els of zooplankton swarming in the dim hope 
that they will find a scent of a "working hy- 
pothesis" on swarming that can be tracked by 
biologists. It remains to be determined if the 
creature whose track wc follow will be catego- 
rized as ,, B[0SENS1S ,, or "BIONONSEN- 
SIS." 
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Infoitnation Report 

Biowatt: A Study of 
Bioluminescence and 
Optical Variability 
in the Sea 

On entering water, light is both scattered 
and absorbed. The sum oF these is attenua- 
tion. In the open ocean, the agent of most 
scattering and absorption is plankton, or 
plankton-derived products. The controls, 
therefore, governing the variability in light 
absorption and scattering are no less chan the 
controls governing the distribution, abun- 
dance, and growth of plankton populations. 


controls governing the distribution, abun- 
dance, and growth of plankton populations. 
Apart from being attenuated, light is also 
generated ubiquitously In the upper layers of 
the sea through mechanisms of biolumines- 
ccnce. The overall and long-term goal of 
Biowatt is to establish causal links operating 
between the variability in light attenuation 
and light production In the ocean. The issues 
addressed range From behavioral relation- 


This solution describes the avalanche of ag- 
gregation in such a maimer that the swnrm 
readies an infinite size within a finite time 
span given by 

1 - f 0 “ (SkvSgpr 1 en (I - MV 2 )-' (24) 
which For small MV 0 “ 2 approximates 

t - l 0 - (2uS a pJVg 2 )-’ (25) 

The knowledge of the pertinent parame- 
ters would enable us to estimate this critical 
lime. Again, no such data exist in marine 
swamiing. The presented model may also be 
applicable to acoustic communications with 
minor modifications; . ‘ 


ships among macrozooplankton and micron- 
ekton, to the dynamics of absorbing and scat- 
tering populations, to the physical dynamics 
of the upper layers. A conceptual model is 
shown in Figure 1 . 

The beginnings of Biowatt can.be traced to 
an advisory meeting convened by the Office 
of Naval Research (ONR), in December 1982 
at Berkeley, Calif. The 30-odd meeting at- 
tendees explored various research and instru- 
mentation development avenues within the 
framework of bioluminescence and optical 
variability in'lhe ocean. Preliminary recom- 
mendations from the group covered immedi- 
ate. tasks, overall design of the program, pos- 
sible field siirs. and the sort of modeling q£- 
fon w]ildi should accompany! and guide the 
obseryations [flfi«?rd et al., 1982]. During v';, 


1983, the program continued to evolve in 
concept, drawing much scientific support and 
insight from a predecessor ONR program, 
the Optical Dynamics Experiment (ODExj. 
Funding approval from ONR for Biowatt 
came in early 1984, at which time a steering 
committee was selected. (The Biowatt Steer- 
ing Committee members are James F. Case 
(UCSB), Tom Dickey (USC), John Marra 
(LDGO), Mary Jane Perry (UW), Raymond C. 
Smith (UCSB), and Elijah Swift (UR1).) The 
program is expected to have a duration of 5 
years, with field years in 1985 and 1987. We 
now turn to some of the specific issues 
Biowatt will address in the coming field ex- 
periments. 

Optical Variability in the Ocean 

Biological and optical oceanographers tra- 
ditionally deal with plankton populations in 
terms of such macroscopic, but easily mea- 
sured, variables as chlorophyll a, particle 
counts and beam transmittance. In many 
kinds or biological oceanographic studies, 
such as the influence of physical processes on 
phytoplankton, these are the variables of 
choice since the sampling design necessitates 
near continuous data acquisition. However, 
studies of the dynamics of plankton commu- 
nities require much more elaboration of orga- 
nism type and function, and trophic process- 
es. but with a compromise of sampling cover- 
age. An understanding of the optical 
variability of the ocean will require both 
kinds of research: the physical forcings upon 
macroscopic variables as well as the detailed 
character of the biological distributions and 
dynamics that these forcings permit. 

For example, at one level, we need to un- 
derstand how physical processes in the upper 
ocean influence vertical distributions of chlo- 
rophyll a and particulate matter, and thereby 
the behavior of inherent and apparent opucal 
properties. (These optical properties refer, 
respectively, to those independent of and de- 
pendent on, light source distribution.) A vari- 
ety of physical processes contribute to the 
mass, momentum, and energy budgets in the 
upper ocean, however, a few phenomena can 
be idemifed as major sources of the variance 
spectra of physical and biological data fields. 
According to Klein (1980) and Dickey and 
Simpson [1983], wind and surface current in- 
teractions caused by menial resonance phe- 
nomena may explain rapid mixed-layer deep- 
ening, which, if true, means that nutrient 
fluxes may vary substantially on time scales of 
hours [Klein and Caste. 1984]. 

Beyond this, developing predictive relation- 
ships between biological particles and optical 
properties in the ocean requires much more 
exhaustive specification of the nature of ab- 
sorbers and scauerers. From an optical per- 
spective, biogenic particles are ensembles of 
sizes, shapes, pigments, and refractive indi- 
ces. We do not understand enough about the 
nature of the particles themselves and their 
distributions (let alone their dynamics) to en- 
able an understanding of their influences to 
variability in absorbance and scattering. 

Although the various types of phytoplank- 
ton (diatoms, dinoflagellates, cyanobacteria, 
etc.) together can theoretically absorb light 
over the entire underwater spectrum, the 
spatio-temporal distribution of absorbing pig- 
ments other than chlorophyll a is poorly 
known. Further, the density distribution of 
pigments within individual cells will directly 
affect the absorption coefficient. The identity 
or particles which dominate scattering is also 
poorly known, largely because we understand 
very little concerning the composition, troph- 
ic structure, and interrelationships of plank- 
ton communities of the open ocean. One of 
the more significant finds of the last several 
years is the food web, grazers, producers, and 
remineralizers, composed of oraanisms less 
than 10 microns in diameter. Tne dynamics 
of this food web is largely unexplored, but il 
is possible that much of the flux of matter 
and energy in the open ocean occurs in this 
size range of organisms. 

Related to this is the problem of deirital 
and organism aggregates, sometimes called 
“marine snow." Much of our current knowl- 
edge of the occurrence and nature of marine 
snow is anecdotal. Recent work suggests its 
importance to production and food web 
dynamics [e.g., Knauer et al., 1982; Caron et 
al. t 1982; Goldman, 1984]; however, quantita- 
tive and nondestructive sampling of aggre- 
gates is extremely difficult. While abundant 
data on aggregates less than 200 microns m 
diameter is nonexistent, photographic evi- 
dence of large (>3 mm diameter) aggregates 
[Honjo §1 aL, 1984] suggests that they are not 
so abundant as to affect significantly Ugh 1 al ” ■ 
lenuation. Even so, aggregates, as important 



TABLE 1. Bioluminescent Taxa Resoon«ihU c . , . 
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Dinoflagellates 

Pyrocystis 

Other 

Copepods 

Pieuromamma 

Others 

Ostracods 

Euphausids 

Adult 

Larvae 

Decapods 

Seigeslids 

Others 

Mysids 

Amphipods 

Larvaceahs 

Coelenierates 

Polycliaetes 


0.002 

0.0000] 

? 

? 

20 

5 

0.3 


2 x !0 10 
10 9 

2 x io 12 
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1 x 10" 

1 x io 12 

4 X IO 10 
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4 x ]0 IOJ 

2 x ia 10 

6 X 10 
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absorbers and scauerers, may be missed, since 
current optical instruments measure a small 
volume and there is presently no means of 
extrapolating to bulk optical properties over 
the water column. Furthermore, it is possible 
that aggregates strongly influence food web 
dynamics. So even if their direct effect opti- 
cally is small, their indirect effect could be 
large. 

Bioluminescence in the Ocean 

A major goal of Biowatt is to predict pat- 
terns of oceanic bioluminescence and relate 
rtiese to variability in optical properties over 
appropriate spatial and temporal scales. For 
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appropriate spaual and temporal scales. For 
purposes of modeling bioluminescence poten- 
tial in the sea, an immediately obvious gener- 
alization is that ihe numbers and types of bio- 
luminescent members of a pelagic community 
define the limits of the bioluminescent poten- 
tial. That is to say. it should be possible to 
predict the bioluminescence potential from 
knowledge of ihe distributions of biolumines- 
cent organisms. 

Predictions of actual bioiuminescence are 
complicated by considering that (h light is 
generated in the ocean by six (of the seven 
known) bioiuminescence systems; (2) in some 
marine environments, over 97* of ihe indi- 
vidual organisms and 90* of the species have 
7^. re P° ncd to bioluminesceni [}<>««*, 

I J83J; (3) speciral emission ranges in color 
front the near UV to the far red; (4) kinetics 
range from 60 ms flashes to continuous glows 
lasting several minutes; and that (5) intensity 

™ emission is controlled by a variety of ' 

biological mechanisms. Fmiltermorc, ihe .ic- 
tuaJ bioluminescent signal which can be elicit- 
ed by strong mechanical stimulation is modu- 
lated by the physiological stale of the orga- 
nisms, reproductive and nutritional status, 
etc., as well as a variety of environmental fac- 
tors. 

Undoubtedly, the least understood and 
perhaps the most intractable aspects or 
Biowatt are the biological determinants or 
DKMuminesceiu response. Nevertheless, signif- 
icant progress has been made in oceano- 
graphic bioiuminescence research. For exam- 
pje, instead of dinoflagellates and fish, zoo- 
plankton have hccii found to be the most 
nnportnnL bioluminescent source in die Sar- 
gasmSea (Table I) and perhaps in many ar- 
in (lie open ocean. Recent observations 
l»mi to clear relationships between tempera- 
tiin I M ls ; pblorophyll a distributions, and 
suniulablc bioiuminescence (Figure 2). Other 

nr^ rVaUOns cl al., manuscript in 

P paration, 1984) show variable depth co- 
betweei 1 the deep chlorophyll maxi- 
Saro ^ 0 ummcscetlce potential. In the 
rw J 3 k S ° l ’ lllc bioiuminescence potential 
P«k has been observed to be as much as 40 
jo DV 5 chlorophyll maximum, while in 

die np° b lhe ,slant * P asM 8 cs in the Caribbean 
peaks are coincident? 

are &‘ e W ral scales °f bioiuminescence 
area.*? 6 u blol pfiPcally determined. In some 
cenre’i UCh 3S l , he Norwegian Sea, biolumines- 
s strongly seasonal because of the pop- 




e uhtion dynamics of crustacean zooplankton. 
In the Sargasso Sea, on the other hand, there 
appears to be relatively little seasonality in 
numbers of relative abundance of bid urn i- 
1 "“ C r em or g an isnis (E. Swift et al, manuscript 
in preparation). Biogeographic communities 
have been defined in which the relative num- 
bers of bioluminescent and nonbiolumines- 
cent members have a stable relationship 
AfrCpuwH, [978]. It is possible dial popula- 
tion and biological studies of species respond- 
ble for much of the bioiuminescence potential 
Will be particularly useful in predicting pat- 
terns of bioiuminescence. 

Field Studies 

The first Biowatt experiment will be a 
cruise, now scheduled for April 1985. The 
genera! plan for this initial phase oF Biowatt 
will be to sample different water masses in 
the northwest Atlantic for biological and opti- 
c , i properties and for bioiuminescence poten- 
tial. The questions we ask during this phase 
of the program are ones or composition, 
identification, size distributions, and pigment 
distributions or the biulogical populations. 

We are panicularly interested in the vertical 
structure of physical and optical properties, 
biological variables, and bioiuminescence po- 
lential and their hiicn-claiiuuships. 

The overall success of the program is high- 
I) dependent on Hie resolution of relevant 
temporal and spatial scales of variability in 
physical, biological, and optical parameters. 
From a biological standpont, the two most 
important time scales are the diurnal and the 
seasonal. 'I lie diurnal time scale is accessible 
from shipboard platforms; however, seasonal 
time series for open ocean locations are rare. 
We believe a surface mooring to be the best 
means of characterizing the temporal evolu- 
tion of physical, biological, bioiuminescence, 
and optical parameters at a given location, 
and this is planned for the subsequent field 
effort in 1987. The mooring will provide an 
opportunity to sample for a long enough pe- 
riod to evaluate seasonal cycles, with enough 
sampling density to assess aperiodic variabili- 
ty associated with synoptic weather systems. 

The mooring will be equipped with a wide 
variety of the latest physical, biological, biolu- 
minescence and optical sensors. During 
cruises to service the mooring, shipboard pro- 
grams can be accomodated to sample short- 
term variability not accessible from the in situ 
observations, to allow various kinds of experi- 
mental programs to help interpret mooring 
obsei-vations, and to characterize spatial vari- 
ability and horizontal gradients in the vicintiy 
of ihe mooring. 

Again, the overall and long term goal of 
this study is to be able to make predictions of 
the optical properties and bioiuminescence 
patterns of the sea from a knowledge of 
physical forcings, biological processes, and 
the interrelationships between physical, bio- 
logical, ant! optical properties. A key link in 
this effort is the distribution and variance of 
biogenous absorbers and scattcrers, their size 
and pigment distributions, and the dynamics r 
of these biological populations. Clearly, this " 
will require concerted efforts by physical, bio- fj 
logical, and optical oceanographers- 1 

Investigators interested in Biowatt are in- e ' 
vited to contact the Biowatt Project Office, 
care of Lamont-Doherty Geological Observa- n 
tory. Palisades, New York 10964. 
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Applications. Seasat had recently failed after 
only 96 days, and iis successes or failures 
were as yet unknown. By implementing a 

ir** j r - C ul ^ a *® n of these first-ever sat- 
elltte data intended for ocean research, he 
and NASA have demonstrated the tremen- 
dnus promise or oceanography from space. 

mis branch is now planning a series of new 
satellite missions for oceanography. These 
are a NASA scattcromcter (for wind mea- 
surements) to fly on the Navy Remote Ocean 
Sensing System (NROSS) in 1989, an im- 
proved radar altimeter to measure ocean cir- 
culation for the Ocean Topography Experi- 
ment (TOPEX) in 1989. and Otian Color 
Imager (OCI) For biological research. These 
missions have been designed through the 
dose coordination of the NASA engineering 
a u " d «ean sciences communities, as well as 
the Office or the Oceanographer of the Navy, 
me National Science Foundation, ONR, and 
NOAA. Stan has recognized the importance 
ol the cooperation beteween different scien- 
tific disciplines. With skill, dedication, anti pa- 
tience he has advocated ideas through intcr- 
agency planning- Working in concert with the 
scientific research, engineering, and opera- 
uonal oceanography commumios, oceanogra- 
phy now has the potential for longer-term, 
larger-scale studies of the global oceans. 

In summary, Stan’s exposure to the ninny 
facets of oceanography while at ONR has 
served ihe ocean sciences well at NASA. His 
high energy, coupled with scientific foresight, 
has introduced ihe new satellite lech no logics 
to ocean research. He has had the tenacity 
and courage in break this new ground, as 
wcl! as the statesmanship to convince the tra- 
ditionalists in the oceanographic community 
or the potential value iff satellite ocean re- 
nime sensing. Oceanographers are now look- 
ing io future programs that will incorporate 
sat ell ne measurements as a crucial element 
For tu central role in die establishment of 
satellite remote sensing as a proven technolo- 
gy m ocean sciences, we recognize Sian Wil- 
son's achievements. 

This item was contributed by Christopher N. 

K. Mciucrs, Past -President, Ocean .Sciences Sec- 
tion: Joseph I.. Reid. President , and Peter G. 
Brewer, fanner Secretary. 


Thu information leport was contiibiited b\ John 
Marra oj the Biological Oceanography Croup at 
Lamoiil-Dokfity Geological Qbsermtfi'n v f Colum- 
bia UnnvrsUy. Palisades, NY 1096-1 and Eric O. 
Hart wig of the Office of Naval Research, Arline- 
ton, VA 22217. * 
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W. Stanley Wilson: AGU 
Ocean Sciences Award 



The Ocean Sciences Section of (he AGU 
recognizes W. Stanley Wilson for his unique 
leadership contributions to the emerging role 
of satellite measurements in oceanography. 
Through his persistent efforts the ocean sci- 
ences now stand on the brink of n new era 
that will merge conventional research tech- 
niques with new satellite technologies. 

Sian completed his O.S. and M.A. dram* 
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Sian completed his O.S. and M.A. degrees 
at the College of William and Mary. He spent 
three yean as a research biologist m Austra- 
lia, New Zealand, and Antarctica before ob- 
taining a Pli.D. in oceanography from The 
Johns Hopkins University in 1972. 

He then joined the Office of Naval Re- 
search (ONR) as a program manager for 
physical oceanography. Promoted to program 
director for physical oceanography in 1976, 
he helped to develop and manage outstand- 
ing multi-institutional programs that included 
the Mid-Ocean Dynamics Experiment 
(MODE), the North Pacific Experiment 
(NORPAX), and the Mixed Layer Experi- 
ment (MILE). Stan was highly successful in 
integrating and translating the new research ' 


1 • ‘-B 1 mmim MMiiiiioyiig uik. IKF II.KCIIUI 

results into Navy operational use. For these 
efforts, he was awarded the Department of 
the Navy Superior Civilian Service Award in 
1979. ' ... . 

In 19^9, Stan' accepted a new' challenge 
with NASA w Chief of the Oceanic Processes 
Branch in .the Office of Space Science and 


n World Ocean Circulation 
Experiment: 

'■ Planning for a U.S. 
Component 

A M»rid Ohmii Experiment tWOC'Lt in 
improve uur description and ui icier s min ling 
of the world ocean circulation is I icing 

planned. Technological and scicniilii devel- 
opments of the Iasi ileuules have made possi- 
ble the serious consideration nf such a global 
experiment to begin in the late 1980's. These 
developments include an increased undci- 
staiiding of the nature of ocean circulation 
and the sampling procedures needed to ob- 
serve ii, instrumentation for long time series 
measurements, numerical ocean models and 
high-capacity computers lo use them, im- 
proved methods for measurement of dienii- 
cal tracers, the means for obtaining improved 
ocean measurements from vessels of opponu- 
mty. satellite technology that can observe 
both the primary atmospheric forcing and 
the oceanic response, and the realization that 
addressing global societal problems related to 
the ocean will require a coordinated, global- 
scale program of ocean observation and mod- 
eling. 

. The WOCE is considered to be a contribu- 
tion to die study of long-term climate trends 
and sensitivity (Stream 3) of the World Cli- 
mate Research Program (WCRP). At the in- 
temauonal level the formulation is being 
guided by a Scientific Steering Group under 
the auspices of the Committee on Climatic 
Changes and the Ocean and the Joint Scien- 
tific Committee of the WCRP. 

i».X!niy* >rov ' s ’ ona * ** or an international 
WOCE are (1) to collect die dam necessary io 
net dop and test ocean models Tor predicting 
climate change and (2) to determine the rep- 
rcscniativencss of the specific WOCE data 
* e j l° r , tfie l° n R*term behavior of the ocean 
and find met hods for determining long-term 
changes in the ocean circulation- Since the fo- 
cus is on the construction of ocean models 
and the collection of data sets necessary for 
demonstrating that these are useful models of 
the ocean circulation, the determination of 
what these data sets should be is the crux or 
ffie WOCE design. The International Scion- . 
iffic Steering Group has established a Numer- 
leal Experimentation Group and six working 
groups In different areas to consider what 
major data sets nre required and to deter- 
mine strategies For obtaining die required 

in °. n faa#is ® f concepts it seems 

likely that the major elements of WOCE will 
include models, satellite altimeters, a satellite 
gravity mission, satellite scan era meters for 
surface winds, other fields of surface forcing, 
hydrography, tracer measurements, direct ve- 
locity measurements, acoustic Lomographic 
arrays, ship-of- opportunity programs, and a 
oata management system. Many of these ele- 
ments must be coordinated with the proposed . 

Oceanography front. onp.7?4) . 
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satellite missions scheduled for tltc 3- to 5- 
year lifeiimes to liegin in 1089. Others must 
begin earlier (now) and continue throughout 
the most intensive operational phase and he- 
yond. 

Each participating country is expected to 
develop a national plan which inigin ton trib- 
ute in the areas of its capability and interest 
to the overall experiment. Within the United 
States this planning process began with a 
workshop on "Global observation and under- 
standing of the general riiTuIntinu nf Lhe 
oceans" for some 60 members of the U.S. 

oceanographic community. The wceklong 
workshop was organized nutlet the auspices 
nr the National Research Council (NRC) 

Board an Ocean Science and Policy and held 
during August 1983 in Woods Hale. Mass. 

The workshop pariici] rants agreed that the 
WOCE concept is worthwhile and timely, 
identified a tentative U.S. goal and objectives, 
and recommended that a U.S. planning com- 
mittee and a n tun her of working groups be 
established to address critical issues. The pro- 
visional objectives of the U.S. component of 
WOCE are directed inward describing and 
understanding global ocean circulation. It 
was felt that this understanding is important 
fur itself and must precede an understand mg 
of the role of the ocean in climate. 

The workshop report received wide distri- 
bution and review, and a panel far the U.S. 
WOGK was constituted within the NRC, 
sponsored jointly by the panels of (he Hoard 
on Ocean .Science and Policy and the Board 
on Atmospheric Sciences and Climate. Thai 
panel lias been moving toward the design of 
a U.S. WOCE cotu|Minenl. Initial suppon far 
the panel activities lias been provided via the 
NRC and by a grant from the National Sci- 
ence Foundation to the Joint Oceanographic 
Instil i U ini is Inc. Several U.S. working groups 
(closely coordinated with the international 
groups) have liecu established; communica- 
tion links Ijeiwccn the U.S. scientific commu- 
nity, the sponsoring agencies, and the inter- 
national components are being implemented; 
and a proposal for an intensive planning ac- 
tivity fur the liseni years 1985-19X7 has been 
prepared. 

To date, U.S. working groups have been 
formed to phut WOCE uctvilies in the fallow- 
ing areas: measurement and huerpi elation of 
tracers, experimental design for ineasuriug 
geosttnpliic circulation, surface farcing (wind 
stress and heal and moisture fluxes), numeri- 
cal modeling, data management, and technol- 
ogy develop incut. In addition, other ad hue 
group meetings and act hides by interested 
groups of scientists .ire being supported. 

To inform the community nr the activities 
of the panel, working groups, and ad hoc 
groups, we plan to publish, in TOR, brief re- 
ports of meetings and other items of interest. 
In this issue wc include the report of a Deep 
Drifters Meeting held in Denver, Colo., on 
May 18-19, 198-1. Interested scientists should 
contact panel members, meeting chairper- 
sons, working group members, or the U.S. 
WOCE Planning Office: W. Nowlin, Depart- 
ment of Oceanography, Texas A & M Uni- 
versity, College Station, TX 77843 (tele- 
phone: 409-8-15-2947; telemail: Sciencenet, W. 
Nowlin). 

New Research Vessels 

Two "new" ocean-going research vessels 
operated by Lhe Scripps Institution of Ocean- 
ography and the National Science Founda- 


tion (NSF) will scion begin full-lime scientific 
duties off the coast of California ami in the 
Antarctic, respectively. The 37.5-ni Scripps 
vessel, named Robert Gordon Spro *rf in honor 
of the ex-president of the University of Cali- 
fornia. replaces the smaller ship Elln i U. 

Saipp «. which had served the institution 
since 1965. The new ship is n slightly modi- 
fied (iulf Coast worklniai. Under the name of 
Midnight Alaskan, it had been used far high- 
resuliiiinn genpltysic.il surveys in American 
and Latin American waters by such firms » 
Arco Oil & Gas. Exxon, Pennzoil, and Racal- 
Decca before its purchase by Scripps from a 
Lou si ana chartering firm last summer. 

The Robert Sprout is undergoing a number 
of modifications for scientific outfitting, in- 
cluding the addition of laboratories, winches, 
booms, and electronic and research instru- 
ments. The ship will be used mainly along 
the California coast and in the Gulf of Cali- 
fornia far biological investigations, physical 
oceanography, and scientific equipment test- 
ing. Its maiden voyage, however, scheduled 
for early September, will take it to Yucatan, 
Mexico, far a study of seals, then on to the 
west coast of Mexico far in-transit studies of 
marine mammals and birds. The Robert Spurn! 
is expected to reinni to its hofttc port of San 
Diego by laic October, and to make its first 
voyage along lhe California coast in support 
or physical oceanography experiments ill late 
autumn. Meanwhile, the Ellen B. Scripps is be- 
ing offered for sale, with the proceeds to be 
used to pay for the new ship. 

The new NSF Antarctic research ship, /’u- 
lar Duke, will replace the woodcu-luilled Hem, 
which has served in the Antarctic since 1968. 
The new ship is lin ger (65.7 in versus 37.5 
m). and its bull is classified as strong as that 
of an icc-hrcitkcf. It will have toom for ap- 
proximately -ID people (some 2-3 times Hera s 
capacity), will curry more laboratory equip- 
ment, and will have a helicopter deck. As a 
result, it will be able to conduct research in 
the rough waters between South America and 
Antarctica that was impossible with the aging 
Hero. The new ship's cargo s|xice is being 
converted to laboratories in preparation for 
its first scientific voyage on nr almui January 
I of next year. The Rolar Duke will suppoit 
antarctic research in biology, oceanogiapliy. 
and geology. Originally designed for scien- 
tific and (lanspuu expeditions, the vessel is 
being Leased from Garino Shipping Limited 
of Newfoundland by ITr/Antarctk Services, 
who will operate the ship fur the NSF for a 
period of 3 years. There is also a provision 
for two I -year extensions. Hero, meanwhile, 
will be retired alter 16 years nf iiperiiiinits in 
Antarctic waters, and current plans are to dis- 
pose uf it as goviTiinicin sui plus. 
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large. The three new systems discussed were 
RAFOS (SOFAR spelled backwards), the 
General Circulation Drifter, and Dyogene. 
The capabilities of existing Sound Fixing and 
Ranging (SOFAR) floats were also discussed. 

The expectation of remotely sensed data 
from satellites as part of die WOCE has 
prompted consideration ol what types ot in 
situ instruments are most suitable for use 
with such data. Satellite data approaches 
global spatial coverage and continues over 
years, with a temporal resolution between a 
few days and a month. Very few in situ mea- 


surement systems can approach these sam- 
pling characteristics without heroic effort and ot 
extraordinary expense. Drifting buoy sys- _ 
icms, which report sensor data and/or post- in 
tion through satellite systems, such as the Ft 

present System ARGOS, hold great promise dt 
For achieving sampling characteristics which nt 
are compatible with satellite data if they can se 
be made sufficiently inexpensive to be de- va 
ployable in large numbers. The focus of this di 
meeting was on drifting buoys capable of pi 

measuring interior ocean currents by passive cy 

drift. , f 1 

A major objective of WOCE is to determine la 
the transports of heat, salt, and other chemi- p 1 
cal properdes over large distances due to et 

both systematic (mean) and irregular (difTu- si 
sive) adveclion. Traditionally, these trans- 
ports have been inferred largely from the rr 

spatial distributions and knowledge of g 

sources and sinks. These inferences can be d 
made in principle with more confidence for si 
transient property fields (e.g., bomb radiocar- n 
bon and iriiium). However, as a complement p 
to such indirect mediods, the long-time tra- c 
jectoi'ics or deep drifting buoys may provide p 
important direct information about the ca- r 
parity of the general circuladon for transport / 
of passive water properties. L 

The Global Circulation Drifter (GCD) is a 
under development by Doug Webb at Webb ii 
Research Corporation in collaboration with e 

Russ Davis at Scripps Institution of Oceanog- v 
raphy. It is designed as a free-drifting vehicle I 
which will operate down to 2000 ni and be i 

capable of several round trips to the surface 1 

to report its position by ARGOS. The design : 
is for a lifetime of 10 years and of approxi- j 
mately 40 round trips to the surface, which 1 
might be extended to 200 with further devcl- ! 
opnient. The GCD is undergoing testing at 1 
sea in 1984. 

RAFOS is a buoy which drifts at the depths 
of the sound channel. It is under develop- 
ment by Tom Rossby at die University of 
Rhode Island. In addition 10 temperature 
and pressure, RAFOS stores the lime of ar- 
rival of signals from fixed SOFAR sound 
sources iliree times a day. At the end of its 
design lifetime (presendy 6 months) the float 
surfaces and telemeters 11a stored data 
through ARGOS. The sound sources are 
moored in the area of interest on simple 
moorings. The usable range from source to 
the RAFOS float is about 1500 km, though 
this will vary geographically depending on 
the water characteristics. Acoustic sources 
have an expected lifetime of perhaps 2.5 
years, which might be extended to 5 years 
with additional development. Similarly, the 
lifetime of the RAFOS floats themselves 
probably can be extended to beyond a year. 

This system will be used in the Gulf Stream 
and adjacent regions during the period 
1984-1986. 

Dyogene is under development by J. C. 
Gascard in France. It is a deep drifter de- 
signed to sample for periods of about 1000 
days, with data subsets of about 100 days be- 
ing reported via ARGOS during a round trip 
to the surface. Dyogene rises by releasing bal- 
last and descends by releasing buoyancy in 
the form of glass balls. A 1 -month test on the 
surface confirmed the performance of die 
data-reporiing system, including a low-profile 
antenna. Depth cycling tests are planned 
next. A pilot experiment widi a limited num- 
ber of buoys will be carried out in late 1986 
or 1987. The lifetime of Dyogene is presently 
limited by the life of the lithium batteries. It 
could be extended by using solar rechargea- 
ble cells. 

SOFAR floats have been used in a variety 
of locations and experiments since the late 
1960's. In its original form the system consist- 
ed of drifting sources and shore-based receiv- 
ers. Later innovations include the use of a 
moored recoverable receiver, the Autono- 
mous Listening Station (ALS), which Trees the 
experimenter Trom the geographical con- 
straints of working near existing shore sta- 
tions. An even more recent development is 
the RELAYS (Real-Time Link and Acquisi- 
tion Yare) system, which may be regarded as 
a drifting ALS. This system is being tesLed 
during 1984. The present expected lifetime 
of SOFAR floats is about 2.5 years, which can 
be expected to be increased with better quali- 
ty control but minimal redesign. About 50% 
oF the floats deployed have lasted to their en- 
ergy limit (battery life). SOFAR floats may 
drift at various depths in the range 500-2000 
m, with the best performance (greatest range) 
obtained in the sound channel. 

Contemplating die use of drifters in large- 
scale experiments as part of the WOCE leads 
. to the question oF operational feasibility. Ex- 
perimental design may suggest the use dr ' 
1000 floats In an ocean basin. How are such • 

.. large numbers of floats to be prepared and 
deployed? Will it be necessary fp establish • 

* new facilities to catty otic this pperatianal ac- 


Meetings 

Deep Drifters Meeting 

Technical development of a new genera- 
tion or deep drifting systems is proceeding at 
several locations. A meeting was held in Den- 
ver, Colo., on May 18-19, 1984, under the 
joint sponsorship of the National Research 
Council (NRC) Panel for a U.S. World Ocean 
Circulation Experiment (WOCE) and the 
Drifters development program. The purpose 
was to discuss tne state of development of 
these systems, their prospects far continued 
development, and their possible use in pro- 
grams such as WOCE, where the intended 
spatial and temporal sampling scales are quite 
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tivity and relieve the burden un the more ex- 
periment-oriented academic institutions? 

Such facilities might handle die drifting 
floats, moored sources, and moored Autono- 
mous Listening Stations. 

The ARGOS uaiisiniiter is a substantial 
pai l of the cost of construction of a drifting 
buoy. Less expensive ARGOS-upproved Plat- 
form Transmit Terminals (PTT) with posi- 
tion accuracy of about 5 km (lower than pre- 
sent) may be commercially obtainable. An ac- 
curacy of 5-10 km would be adequate for the 
buoys under discussion, ami a lower-cost 
PTT should be sought and approved for AR- 
GOS use. 

The discussion of a plan for deep drifters 
in WOCE addressed two general questions: 

For what purposes would one want the deep 
drifter data? How many drifters would be 
needed? The proposed purposes were analy- 
ses of mean horizontal velocity and velocity 
variance (eddy kinetic energy), dispersion of 
drifters (hence horizontal diflusiviiy), map- 
ping of the very large scale and low frequen- 
cy velocity field, anti pathways of the genera] 
circulation, i.c„ displacements over distances 
larger than individual eddy scales. For each 
purpose one can determine how many drift- 
ers arc required to achieve a given degree of 
success. 

These determinations have, as yet, been 
made only very crudely. However, there waj 

S eneral agreement that something near 1000 
rifter years of data in an ocean basin the 
size of the North Atlantic would make a sig- 
nificant contribution to each of these pur- 
poses. (This assumes moderately frequent lo- 
cation reporting, which is more easily accom- 
plished for acoustically tracked drifters, and 
moderately uniform horizontal distribution.) 

A crude illustration of the basis for this num- 
ber, most relevant to the first of the purposes 
above, follows. One thousand drifters, report- 
ing weekly for a year and uniformly distribut- 
ed in an area equal to a 4000- kin square, 
would give 50 nearly independent samples of 
low-frequency velocity on a grid spacing of 
about 125 km. This would determine the 
mean with an accuracy better than 1 cm/s for 
a standard deviation of 5 cm/s. If the analysis 
grid were coarse, the accuracy would be bel- 
ter for the same number uf drifters, or the 
same accuracy would be achieved with fewer 
drifters. 

The fallowing points relevant to future de- 
velopment of buoy systems were made: 

• The RAFOS receiver should lie put in 
the GCD (or Dyogene) vehicle, providing a 
multiply recycling, acoustically traced drifter. 

• These floats should be aimed ai interme- 
diate dcptiis. The flow at extreme depths is 
more topogiapliiLally controlled anti there- 
fore harder to iiiicnirci in a general circula- 
tion context, while the shallower depths 
(above 500 m) can probably be measured 
with cheaper drngued surface buoys. (SO- 
FAR and RAFOS are inherently restricted to 
intermediate depths in any rase, because of 
the need for reasonably long acoustic ranges.) 

• Effort should lie put into the technical as- 
pects of cuuihining RAFOS, .SOFAR, and _ 
ocean acoustic tomography in future experi- 
ments, using a mu mall y compatible system of 
acoustic sources. 

• Consideration should he given to adding 
data telemetry to the SOFAR Autonomous 
Listening Stations 10 nllow "real-time" proc- 
essing of data. The Moored Oceanographic 
Instnimeulaioii System (MOIST) program at 
Woods Hole Oceanogi aiihic Institution mV* 
provide die technology base to make lists pos- 
sible. . 

» • Both ships-of-opnortunUy and aircraft 

should be considered Tor buoy deployment, 
and each buoy system should be 30 plannee- 


iu encn uuuy ityaiuui auuuiu r — , 

This new generation of Intermediate dep 


float types may be called for in a given ex- 
periment, depending on experimental des 
and location. There arc intriguing P 0531 ™ , . 
ties for synergistic combinations between 
ous types of floats and between the fl oaU 
other new technology, such as lomograp j- 
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News (coal, from p. 729} 

eruption on the southern pan of die fissure 
had ceased except on one cratei , which then 
changed into phreatic activity. 

“On the northernmost pari of the fissure 
activity continued as of the morning 0 r 12 
September with significant lava production 
By 8 September, inflation rates over the mag- 
ma chambers diminished and slow deflation* 
started. 

“As in previous eruptions, lava production 
was highest on the northern pan oF the fis- 
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Groundwater 

Contamination 

Panel on Groundwater Contamination of the 
Geophysics Studj Committee of the National 
Research Council, National Academy Press 
Washington, D. C., xii + 179 pp., (984. 

Reviewed by R, Allan Freeze 

Since 1977, the National Research Council 
(NRC) has published IS monographs in its- 
Shtdies iu Geophysics series. Earlier volumes 
have dealt with such diverse topics as energy 
and dimaie, geophysical prediction, continen- 
tal tectonics, and explosive volcanism. Ground- 
water Contamination is the 14th volume in the 
series. It was produced by a Panel on 
Groundwater Contamination initiated by the 
Geophysics Study Committee of NRC in con- 
sultation with representatives or the support- 
ing agencies and members of the scientific 
community. The preliminary scientific find- 
ings formed the basis of an American Geo- 
physical Union symposium in San Francisco 
in December 1981. This monograph is the 
most concise and most accessible reference 
available on this important environmental 
problem. 

The report consists of 14 chapiers auth- 
ored by well-known researchers in the field 
and an overview of the study that summarizes 
the highlights of the chapters and formulates 
conclusions and recommendations. The 14 
chapiers are arranged in five groups: 1. 
Background (one chapter); 2, Processes (two 
chapters); 3, Methods nf Waste Disposal (two 
Chapters); 4, Examples (seven chapters); and 
5, Institutional Aspects (two cfiapieis). 

The Background chapter hv Veronica Pvc 
and Jocelyn Kelley of die Academy of Natu- 
ral Sciences of Philadelphia assesses the ex- 
tent of groundwater contamination in the 
Limed Stales on the basis of two indepen- 
dent regional surveys that have been carried 
out, one by Lhe Environmental Protection 
Agency and one by die Environmental As- 
sessment Council. They conclude that cases 
ot groundwater cun lamination have been 
documented iii all parts of the country but 
that we arc still in a position lo make choices 
on how best to use, manage, and protect this 
valuable resource.” 

The chapters on Processes by Mary Andcr- 
!?. n °‘ tite University uf Wisconsin and John 
ai, ti his coworkers ul the University 

0 n aterlou provide an up-to-date assessment 
°j. oar physical and chemical understanding 
ot the movemciii of contaminants in ground- 
water, While the current ndveciion/dispcr- 
non/retardation approach is capable of mim- 
[tting observed behavior, it is now dear that 
11 docs not represent an understanding of the 
transport processes at the fundamental level 

quired. There is still much to be learned 
with respect to organic contaminants, trans- 
E 1 1 " fr a«uiied rock, and the questions of 
disperri 5Urrount * l ^ e *hppery concept of 

To my mind, the heart of this book lies in 

1 ■ SC L Cr l c *? e . histories presented in part -Lit 

the individual tales of mismanagement, 
tzatton, and reclamation that the diflicul- 
rinn k meaaurc mem, assessment, and predic- 
ble c ' ea re8t. Many of the most visa- 

inrjj ,he wc A-known recent contamination 
Ynr? Cn u 8 a « e l,ere: Thc Love Canal in New 
tin fu , , Rock F Mountain Arsenal in Colora- 
,l ' | jJangollen landfill in Delaware, and 
^ nuc I ear waste dumps at Han- 
.^’^fhmgton, and Maxey Flats, Ken- 
inaiu l . scr ipdon of the aquifer recla- 
nal h n .P ro -l ecl at tiie Rocky Mountain Arse- 
22 Konikow of the U.S. 
the Sur vey and Douglas Thompson of 

■Iwfc wl„32 C ° r ^- of En * incers is a P artic ' 1 

I V^uahle case history. 1 

there 'a r Crview prepared by the panel, 1 
j n italic? f ° Ur recot n mendaiions that appear 1 

chemin R ? S€arc ^ k needed on the effects of i 
aton nr react,ons on transport and dlsper- t 
qu3niifi C °" tam,rianl8 groundwater and the . 
quantification of flow in Fractured media. i 

search r ef j- s “ 0L titi be a more thorough t 

loiJw ^P 0 * 31 that can be used safe- i 
far ln„ atc ^° x * c 'vastes.from the biosphere 1 

S A Spenods - • • J 

Should] be developed that } .1 
disposal L the Segrc B a tion, treatment, apd 
andrh«j ° ^ astes according .to their hazards c 
4 r ch cmicaJ affinities. . . :i -it 

vern mental and industrial organiza- ■, t 


St S es n !hJ ,nl gr !f Whclher various c,ass « of 
be ° r l«ally or in rc- 

g 1 Dually designated repositories. 

■ henZV ValUa r k ^ II wl11 undoubtedly 

■ be used for readings in many hydrogeology 

I and i. i, well ,ui,ed ,hi, purfSe. 

But it is even more important thariis mes- 
sage read* environmental engineers, design- 
ers of waste disposal systems, administrators 
°egS)? s nt St3te asencies ' an<l law >'ers and 

R. Allan Freeze is a professor in the Department 
of Geological Sciences at tit University ot British 
Columbia, Vancouver, Canada. 

Physical Geology: 
Principles and 
Perspectives 

E. A. Hay and A. L. McAlcster. Prentice-Hall 
Englewood Cliffs, N.J., (984 

Rei'iewed by fumes IV. Skehan, S.J. 

Textbooks un physical geology have piolil- 
eraied over the past 20 years or mure, during 
wliicli time most fields have undergone a suli- 
jeet matter explosion. The cliallenge uf .m- 
1 boring sudi a textluuk is to acciiratelv .miiii- 
niarize the most ini|xi!iaui lauual and' then 
retical lesnhs and 10 |nvseut the material iu a 
jiedagugirallv .mraaivc aiul liieailingiiil niau- 
nei. Tin- am hors mainly have met dial chal- 
lenge. 

Basically. I could le,u.h die course cj nil c 
happily using this book as the text. An attrac- 
tive feature is that dir authors have summa- 
rized 1 In isc aspects of the science with which I 
am mosi tamiiar in a generally acccpiahlc and 
interesting manner. This includes excellent 
line drawings and block diagrams calculated 
to be very helpful to die student. Those 
chapters dealing with areas of die authors' 
scientific expertise are understandably stron- 
ger and smoother iliau some oilieis. A useful 
perspective for the beginning sniJeni and 
teacher is an explicit discussion of geology as 
n science widi a comparison and contrast of 
mediods and results iu relation 10 other fields 
of science. 

The cliapters are brief enough to provide a 
readable overview. Following the treat mem 
of classification and principles, a number of 
chapters have several pages illustrating (he 
foregoing by an analysis of regional geologi- 
cal features of considerable general interest, 
such as Yoseniite, Kings Canyon, and Sequoia 
National Parks noted for igneous activity, for 
example. Each chapter has an abbreviated, 
useful outline of the main points covered and 
several appropriate references far additional 
reading. Many cliapters have interesting, 
short single topic treatments (''boxes 1 ') (e.g., 

‘The Driving Mechanism Behind Plate Tec- 
tonics”). Tlie book is a good teaching vehicle 
because, with notable exceptions, it is easy to 
supplement the text in class with one's own 
favorite illustrations. Such an exception is 
chapter 2, “Basic Building Blocks — Matter 
and Minerals," which would be more effective 
if abbreviated, and some of the exquisite de- 
tail of crystal chemistry stored in an appendix 
for one who needs a fuller explanation. 

There are a few incomplete sentences, in- 
exact or awkward usage of terms such as sili- 
con For silica, or "ultramafic igneous rocks 
and serpentine" (p. 285), amission of sheeted 
dikes in description of ophiolites, or neglect 
of the solar wind in the consideration or the 
shape of the lines of force of (he earth's mag- 
netic field (p. 239, Figure 7.16), for example. 
These are all mainly items that proofreaders 
and paid consultants will remedy for the sec- 
ond printing of this revised edition, no 
doubt. A number or tfie photographs (black 
and white) tend to be too dark or are other- 
wise of inferior quality (e.g„ Figure 4.25b) 
and detract from the generally outstanding 


quality of the line drawings.. 

This is an atihtctive book mainly 


' because it 


. 1 II 10 IB dll flLM — 

is a carefally abbreviated .summary of piosl or 
the topics and is very well illustrated, notablv 
with line drawings. The pedagogical^ useful 
references to the relationships betweeq geolo- 
gy and the needs or mankind, chapter siim- 
maries. vigneUei of regional geology classics, 
"boxes," and additional readings, and a good 
quality glossary and' index outweigh the-: nega- 
tive points nofad abpye. In gideral* such fea- 
tures of this rtvisKl .ediubn'shoidd render it 


quite competitive with some or the other 
books of quality now available. 

/mutt H'. Skehan, S.J., is director of Weston 
Observatory and professor of geology. Department 

Gwfo*) and Geophysics, litaton College, »■«- 
tan, MA 02193. 

Nonlinear Waves 

Lokenail. Debnatl, (Ed.), Press Syndicate of 

pp mr y ° f Ca,nl)ritlRC ’ Ncw York, SfiO 

Reviewed by Dennis Fapadopmdm 

1 lie hunk Nonlinear IlVliw edited by L. 
Debnuifi is ;i collect fan of papers on t he the- 
ory and applications of iiuiilincar wa vc plic- 
wc n c L ^;\ T . hc b ^ J,,k is ai1 ouigrowlt of an 
NaF-CBMS regional research cuniercnu- on 
noiiliiicar waves and integrable systems, con- 
vened in June. 1982 m East Carolina Univcr- 
sttv. The book aims at bringing together re- 
cent developments on the theory uf nonlinear 
waves and solitom, with selective applications 
m the areas of JluicI dynamics and plasma 
physics. I he field bad an explosive growth 
dining the last decade, and it is, correctly, ex- 
pected dial it will exert a major influence oil 
1 inure research directions ol inanv fields of 
physics and euginec-i ing. 

I lie book is divided into three parts. The 
first two deal primarily with applications I 
the mathematical techniques Tor solving non- 
linear equations to special problems in the 
fields of lluid dynamics and plasma physics. 
The i It ini part deals mainly with applied 


mathematics and focuses on recent results 
and extensions of the inverse scattering trans- 
formation (1ST), of thc evolution equations, 
and or the statistical mechanics or the Sinc- 
Gordon Hamiltonian. A total of 18 papers 
arc itidudcd in the volume, seven on fluid 
dynamics, five on waves and soli to ns, and six 
on applied mathematics. Taken individually, 
almost all of the papers arc well written re- 
views of important subjects in their specific 
fields, including a variety or recent and excit- 
ing results and techniques. Of particular in- 
terest arc the fluid mechanics chapters 2-5, 
along with chaplets IG and 17 of the applied 
mathematics pun. which disc 11 u a variety iff 
solutions of the Knricwcg-dc Vries (Kri V) and 
nonlinear SclirAndi tiger (NLS) equations lor 
systems with anti without tlissi|iatiuii, iucliul- 
itig the role of variable cuei fluent*. A general 
mh order spectral transform and its inversion 
and Lite role of reciii rente are also presented 
in an interest ing fashion. 

Unfortunately, that is as far ns l can point 
to any kind of unifying tie among ihe various 
chapters of the honk, arid even in this case 1 
am stressing it. The level of iriiilhemntical so- 
phistication is so uneven as to make most ol 
the bonk rather unreadable on any level or 
general physics, applied mu 1 hematics, or en- 
gineering audience. 1 do not believe that the 
desired cross fertilizurion among flic- nonlin- 
ear hydrodvnamicists. plasma physicists, and 
applied maihi'iiiuikiuii* can l»e accomplished 
with this hook, h is possible di.it tliis could 
have been ucl lies ed through the discussions 
,u the conference; neve it lieless, as c it ten hap- 
pens in similar cases, iIjc f ollowup niduu- 
scripis lend to In- more sophisticated .uid spe- 

Books (font, on p. 73ru 


This outstanding series as- ^ .i p j 

sesses geophysical knowledge In 

specific fields, particularly as tl 

relates lo societal problems. The series Is a W 

cooperative undertaking of the National Re- ^ 

search Councils Geophysics Research ^ 

Forum and the American Geophysical Union. 

Groundwater Contamination 
John D. Bredehoefi, Panel Chairman 
Using both hydrologic theory and data 
gained from the study of contaminated 

aquifers, this new volume explores current . 

knottiedge of how contaminants move In 

groundwater. The reporl stresses the need for a waste- ^ 
disposal straiegyfbr the prevention of future ground- 
water contamination. 1984, 179 pages, pa per bound, $ 17.95 

Explosive Volcanism: Inception, Evolution, and Hazards 
Francis R. Boyd, Jr., Chairman 

Papeis by well-known scientists present sound technical Information on various aspects of 
explosive volcanism: mantle chemistry and processes, lectonlc Influences, subductlon 
geometry, volcanic periodicity, mechanisms of magma formation and segregation, and erup- 
tion mechanics. The authors underscore the interrelationships among geophysical events and 
recommend directions for future research and monitoring efforts. 1983, 192 pages. 3 maps 
dothbound, $24.50 , 

Other volumes In the series , 

Fundamental Research on Bsfaarles: The Importance ojf an Interdisciplinary Approach; 
G B. Officer and L E. Cronin, Codalrmen, 1983, 79pp., $6.95 • Climate In Earth History: W H. 
Berger and J. G Crowell, Cochalrroen, 1962, 198 pp., $16.25 • Solar ttriabUtty, leather, and 
dlmate; J.A Eddy, Chairman, 1982, 106 pp., $11-95 • Scientific Baals of HMer-Resource Man- 
agement; M.B. Fitting, Chairman, 1982, 127 pp., $12.25 • Mineral Resources: Genetic Under- 
standing for Practical Applications; P. B. Barton, Jr., Chairman, 1981, 119 pp., $12.95 • Continen- 
tal Tfectonks; B. C. Burdtflel, J, B. Oliver, and L t Silver, Cochairmen, 1980, 197 pp., $14.95 o Impact 
of Technology on Geophysics; H. B. Newel), Oalrman, 1979, 121pp., $11.75 * Geopfayslral 
Predictions; a B. Landsbeig, Chairman, 1978, 215pp., $14.25 •Estuaries, Geophysics, aod the 
Environment; GB. Officer, Chairman, 1977 , 127 pp., $9-95 • Climate, Climatic Change 'and 
ftter Supply; J. Wills, Chairman, 1977, 132 pp, $9 25 • The Upper Atmosphere and Maaneto- 
spfaere; E S, Johnson, Chairman, 1977 , 168 pp., $1L50 • Energy add Climate; R. R. Rewlle. Chafi^ 
man, 1977,158pp. (Inquire far price) 

lb order, these reports, pleaSti send payment to National Academy Press, Depl. JH 726, 2101 
Constitution Avenue,' NW, Wishinglon, DC 20418. 
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Books (coni, from p. 7W» 

dalized, breaking die unifying tie achieved 
through the usually simple physical presenta- 
tions in the research conference. 

The subject of nonlinear dynamics, includ- 
ing applications to physics and engineering, 
has made tremendous strides during the last 
decade. The sooner the general scientific 
public becomes familiar with it, the sooner we 
will have major breakthroughs in the under- 
standing of many subjects iu physics and en- 
gineering. Several excellent books with good 
descriptions of bodi the fundamental mathe- 
matical theury uf 1ST ami spectral methods 
as well as applications to fluid dynamics, plas- 
ma physics, and solid slate have ap] scared re- 
cently. Ablowtiz and Scgur, "Soli to ns and the 
Inverse Scattering Transform,” and Lamb. 
“Elements of Soli ton Theory," are examples 
of such books, although they stress the sub- 
ject of conservative systems. The role of dissi- 
pation and of strange attractors is adequately 
treated in T opits in Nonlinear Dynamics, edited 
by S. Jorna, as well as the proceedings of the 
various "Twenie" Coufetences. [ lielieve that 
referring to the above references, especially 
the Ablowitz ami Segur volume, can much 
be tier accomplish the goals set by the editor 
of the Imuk under review here. Meanwhile. 
Nonlinear Waves can remain a collection of 
good review articles on the subject or nonlin- 
ear waves, bill with only the title as the unify- 
ing entity. 

Dennis Papadopoulos is with the Department of 
Physics, University of Maty la ad, College Park, 

MO 20742. 


New Publications 


Items listed in New Publications can be or- 
dered directly from the publisher; they arc 

not available through AGU. 

Acid Rain: A Wain Resources Issue for the SO’s, 
R. Herrmann and A. I. Johnson (Eds.), 
American Symposium on Hydrometeorolo- 
gy, iii + 83 pp„ 1983. 

Acoustic Waveguides: Applications to Oceanic Sci- 
ence, C.A. Boyles, John Wiley, New York, 
xii + 321 pp., 198-1, 946.95. 

The Coex'olution of Climate and Life, S.H, 
Schneider and R. Londcr, Sierra Club 
Books, $25. 

Deconvolution, A. Ziolkowski, Interna- 
tional Hitman Resources Development, 
Boston, Mass., xii + 175 pp., 1981, $36. 

Cos Transfer at Water Surfaces, W. Bruuaert 
and G.H. Jirka (Eds.), D. Reidel. Hingham, 
Mass., x + 1*39 pp.. 1984, $78. 

Heat Conduction, U. Grigull and H. Sander. 
(Transl. byj. Kestin), Springer- Veriag, xx 
+ 187 pp.. 1984. 

Helium Isotopes in Nature, B.A. Mamyrin and 
L.N. Tolstikhin, Dev. in Geechem., vol. 3, El- 


sevier, New York, xiv + 273 pp., 1984, 
353.75. 

International Synpasiunt on Hydrometeorology, 

A.I. Johnson and R.A. Clark (Eds.), Ameri- 
can Water Resources Association, Bethesda, 
Md., ix + 598 pp., 1983. 

Kimberlites, I, Kimberlites and Related Rocks, j. 
Kornprobsi (Ed.), Dev. in Petrol. HA, Else- 
vier, New York, xiv + 466 pp., 1984, 
$53.75. 

Kimberlites, It, The Mantle and Crust-Mantle Re- 
lationships,]. Kornprobsi (Ed.), Dee. in Pet- 
rol. II A, Elsevier, New York, xiv + 393 
pp.. 1984, $50. 

The Major Biogeochemical Cycles and Their In- 
teractions t,B. Bui in and R.B. Cook (Eds.), 
John Wiley, New York, xxi + 532 pp.. 

1983. 

The Morphostructure of the Atlantic Ocean Floor: 
Its Development in the Meso-Cenoioic, V.M. 
Litvin, (Transl. by V.M. Divid, N.N. Prot- 
senko and Y.U. Rodzhabov), D. Reidel, 
Hingham, Mass., ix + 172'pp., 1984, DFL 
95. 

The Near-Earth and Interplanetary Plasma, vol. 

1: General Properties and Fundamental Theory, 
Y. L. Alpcrt, Cambridge University. New 
York. Melbourne, , viii + 299 pp., 

1983, 859. 

The New Science of Strong Materials, J.E. Gor- 
don, 2nd cd.. Princeton University, Prince- 
ton, N.j„ 287 pp.. 1984, $9.95. 

Nitrogen m the Marine Environment, E. J. Car- 
penter and D. G. Capone (Eds.), Academic, 
New York, xvii + 900 pp., 1983, $59. 

Noble Gns Geochemistry, M. Ozima and F. A. 
Podosek, Cambridge Univ., New York, vii 
+ 365 pp., 1983, $79.50. 

Nonlinear II'aiWj L. Dchnalli (ed.), Cambridge 
University, New York, 360 pp., 1983, 

$39.50. 

Ophiolites: Oceanic Tectonics and Metamorphism. 
Suppl. 8, Oftolita, Pitagora, Bologna. 73 
pp.. 1983. 

Our Threatened Climate: H'aw of Averting the 
Problem Through Rational Energy Use, W. 

Bach (Transl. by J. Jttger, D. Reidel, Bing- 
ham, Mass., xxiv +■ 368 pp., 1984, $29. 

-Paleeoclimatic Research and Models, A. Ghazi 
(Ed.), D. Reidel, Hingham, Mass., vii 4- 205 
pp., 1983, $34.50. 

Permafrost: Fourth International Conference Pro- 
ceedings, July 17-22, 1983, Organized by 
University of Alaska and National Acade- 
my of Sciences, National Academy Press, 
Washington, D.C.. xxv + 1524 pp., 1983. 

Pkosphate Minerals, J.O. Nriagu and P.B. 
Moore (Eds.), Springer- Vcrlng, New York, 
vi + 442 pp., 1984, $57.50. 

Physical Geography: A Landscape Appreciation, 

T. L. McKmghi, Prentice-Hall, Englewood, 
NJ. xix + 488 pp., 1984. 

Physical Geology; Principles and Perspectives, 2nd 
ed., E. A. Hay and A. L. McAlester, Pren- 
tice-Hall. Englewood Cliffs, NJ, xii + 463 
pp., 1984, $25.95. 

Physical Oceanography of Coastal Waters, K. F. 


Bowden, EIHt Norwood Ser. in Mar. Sci., 

New York, 302 pp.. 1983, $68.95. 

the Polarhatiou Method of Seismic Exploration, 
E.I. GaTperin, D. Reidel, flingliHin, Mass., 
xiv + 268 pp., 1984, $58. 

Precambrian of South India, S.M. Naqvi anti 
J.J.W. Rogers (Eds.), Mem. ■/. Geological So- 
ciety of India, Bangalore, xx + 575 pp., 
1983. 

Principles of Lake Setlimentology, L. Hftkanson 
and M. Jansson, Springer-Verlag, New 
York, x + 316 pp., 1983, $39. 

Problems and Prospects lit Long and Medium 
Range Weather Forecasting, D.M. Bur ridge 
and E. Kit lien (Eds.), Topics in Atmos, and 
Oceanage Sci., Springer-Verlag, New York, 
vi + 274 pp.. 1984,317.50. 

Proceedings of the Biomass Colloquium in 1982: 
Special Issue, No. 27, T. Nenioto and T. 
Mauuda (Eds.), Mem. of Nat. Inst, of Polar 
Res., Sper. Issue 27, National Institute of Po- 
lare Research, Tokyo, iv + 247 pp., 1983. 

Proceedings of the Third Symposium on Antarctic 
Geosciences, 1982: Special Issue, No. 28, T. 
Nagata (Ed.), National Institute of Polar 
Research, Tokyo, iv + 289 pp.. 1983. 

Proterozoic Geology, L. G. Medans, Jr., C. W. 
Byers, D. M. Mickelson, and W. C- Shanks 
(Eds.), Mem. 161, Boulder, Colo., viii + 315 
pp., 1983. 

Regional Trends in the Geology of the Appala - 
chian-Caledonian-H ercynian- Mavritanide Oro- 
gen, Paul E. Schenk (Ed.), NATO ASI Set., 
Ser. C: Math and Phys. Sri., vol. 116, D. Rei- 
del, Hingham, Mass., xiii + 398 pp., 1983, 
$53.50. 

Remote Assessment of Ocean Color for Interpreta- 
tion of Satellite Visible Imagery, H. R. Gordon 
and A. Y, Morel, Springer-Verlag, New 
York, 114 pp., 1983. $20. 

Revolution in the Earth Sciences; Advances in the 
Past Half-Century, S. J. Boardman (Ed.), 
Kenciall/HuiiL, Dubuque. Iowa, viii + 385 
pp., 1983. 

Rock and Mineral Magnetism, W. O. Reilly, 
Blackie, Chapman and Hall, New York, xi 
+ 220 pp., 1984, $39.95. 

Rock Fracture Mechanics: No. 275, H. P. Ross- 
manith (Ed.), Springer- Veriag, New York, 
xii + 484 pp., 1983, $34. 

The Role of Heal in the Development of Energy 
and Mineral Resources in the Northern Basin 
and Range Province, Special Report No. 1 3, 
Geothermal Resources Council, v + 384 
pp., 1983, $30. 

Scale-Up of Water and Wastewater Treatment 
Processes, N.W. Schmidtke and D. W. Smith 
(Eds.), Butterworth. Boston, 
pp., 1983, $39.95. 

Science and Creationism: A View from the Nation- 
al Academy if Sciences, Committee on Sci- 
ence and Creationism. National Academy 
of Sciences, National Academy Press, 
Washington, D.C., 28 pp., 1984, Quantity: 
l. $4; 2-9, $3; 10 or more, $1.75. 

Sediment Diagenesis, A. Parker and B. W. Sell- 
wood, (eds.), D. Reidel, Boston, 


vii + 427 pp., 1983, $53.50. 

Seismic Design Technology far Breeder Reactor 
Structures, vol. I, Special Topics in Earthquake 
Ground Motion, D. P. Reddy (Ed.), Agbabian 
Associates, El Segiindo, Calif., ix + 2G7 
pp., 1983, $23.50. 

Seismic Design Technology for Breeder Reactor 
Stiuctmes, vol. 2, Special Topics in SoWStruc- 
ture Interaction Analyses, D. P. Reddy (Ed.), 
Agbabian Associates, El Segiindo, CA, vii + 
126 pp.. 1983, 914.50. 

Seismic Design Technology for Breeder Reactor 
Structures, vol. 3, Special Topics in Reactor 
Structures, D. P. Reddy (Ed.), Agbabian As- 
sociates, El Segiindo, CA, vii + 159 up 
1983.916. 

Seismic Design Technology for Breeder Reactor 
Structures, vol. 4, Special Topics in Piping and 
Equipment, D. P. Reddy (Ed.), Agbabian As- 
sociates, El Segundo, CA, vii + 207 pp 
1983,919. 

The Technology of High-Level Nuclear Waste Dis- 
posal: vol. I, P. L. Hofmann and J. J. Bres- 
lin, (eds.), Technical Information Center, 
U.S. Department of Energy, Oak Ridge, 
Tenn., xii + 395 pp., 1981, $18. 

Theoretical Glaciology: Material Science of Ice and 
the Mechanics of Glaciers and Ice Sheets, K. 
Hutter, Math. Approaches to Geophys., D. Rei- 
del, Hingham, Mass., xxxii + 510 pp., 
1983,9104. 

Treatment Plant Hydraulics for Environmental 
Engineers, L. D. Benefield, J. F. Judkins, Jr. 
and A. D. Parr, Prenlice-Hal, Englewood 
Cliffs. NJ, 231 pp., 1984. 939.95. 

Tsunamis: Their Science arid Engineering, K. 
Lida and T. lwasaki (Eds.), Ad. in Earth and 
Planet. Sci., D. Reidel, Boston, xiv + 563 
pp.. 1983,9113. 

United States Earthquakes, 1981, C.W. Stover 
(Ed.), U.S. Geological Survey, Reston, Va., 
1984, 95. Water Resource Planning and De- 
velopment, M.S. Petersen, Prentice-Hall, 
Englewood Cliffs, N.J., xvii + 316 pp., 
1984, 935. 

Wandering Continents and Spreading Sea Floors 
on an Expanding Earth, L. C. King, Wiley- 
lmerscience, New York, x + 232 pp., 1983, 
929.95. 

Water Management Models in Practice: A Case 
Study of the Aswan High Dam, D. Whitting- 
ton and G. Guariso, Elsevier Scientific, New 
York, xvii + 246 pp., 1983, $63.75. 

Water Resources: Distribution, Use, and Manage- 
ment, J. R. Mather, J. Wiley 8c Sons, New 
York, xv + 439 pp.. 1984, 940. 

Water Wave Mechanics: For Engineers and Scien- 
tists, R. G. Dean and R. A. Dalrymplc, 
Prentice- Hall, Englewood Cliffs, NJ, xi + 
353 pp., 1984, $34.95. 

Waves on Fluid Interfaces, R. E. Meyer (Ed.), 
Academic, New York, ix + 359 pp., 1983, 
925. 

Zeo- Agriculture: Use of Natural Zeolites in Agri- 
culture and Aquaculture, W. G. Pond and F. 
A. Mumpion (eds.). West view, Boulder, xii 
+ 296 pp., 1984, $52.50. 



RATES PER UNE 

Pot it tans Available, Services, Supplies, Counts, 
and Announetments: first insertion 5 5. TO, ad- 
ditional insertions $4.25. 

Positions Wanted: first insertion $2.00, addition- 
al insertions $1.50 

Student Opportunities: first insertion free, addi- 
tional insertions $2.00. 

There are no discounts or commissions on 


classified ads. Any type style that is not publish- 
er's choke is charged at general advertising 
rates. Eos is published weekly on Tuesday. Ads 
must be received in writing by Monday, 1 week 


prior to the date of publication. 

Replies toads with box- numbers should be 
addressed to Box — , American Geophysical 
Union, 2000 Florida Avenue, N.W., Washing- 
ton. DC 20009. 

For mare information, call 202-462-6903 or 
loll free 800-424-2488. 


POSITIONS AVAILABLE 

Postdoctoral Sclent LstfTrace Element Blanochesn- 
iitry, _ The Academy of Natural Sciences Benedict 
Estuarine Research Laboratory has an ini mediate 
opening for a postdoctoral scientist interested In 
trace metal Interactions with biota and transport 
through estuarine ecosystems. Successful applicant 
will interact with a small group or geocherauu and 
ufologists studying arsenic transformation and trans- 
port. Ample opportunity for research in the appli- 
cant's area(a) oTintcrcat. BF.RL is a small research 
laboratory located on the- Che uptake Bay. approxi- 
mately 40 miles from Washington, D.C. Initial ap- 
pointment is (or one year, with possible extension to 
two years. Please rail lor information or submit cur- 
riculum vitae, summary or research interests, and 
names, addresses and telephone numbers of three 
references to: James G. Sanders. Benedict. Estuarine 
Research Laboratory, Benedict, MD 20612. 301- 
874-5134. 


University of California, Santa Barbara, Tenure 
re k .P*J5S,‘? n .h SWgraphy-oreamjgraplw. available 
July*. l 9M. Sality and rank are dependent upon 

r JifiMllons; however, preference will be Riven ut 
Assistant Professor leveL The Geography De- 
grtme tu seeks apptipni* with bockgrounds in 
Physical Oceanography andfor AlriSca Interaction . 
with an interest fit Remote Sensing. Applicants must - 
haw a Ph.D., substantial qualifications In marine re- 
search, and a strong commitment to teaching and 

Submit resume and names of- three relkr- i 

fW fn* i .naiTnmfi n *-■ I 


Yale Unlversity/Solld Earth Geophysics. The De- 
partment of Geology and Geophysics is soliciting ap- 
plxationi Tor a junior faculty position in solid-earth 
geophysics to begin in the academic year 1985- 
1986. Areas of interest to the department indude 
seismology, exploration geophysics, mechanical and 
physical properties of rocks and minerals, geomag- 
netism, tectonophysics. and geodesy. Curriculum vi- 
tae, publications and the names of three or more 
referees should be rent by December 1, 1984 to 
Karl K. Turekian, Chairman, Department of Geolo- 
^ and Georgia, Yale University, Box 6666, New 

Yale University is an equal opportunity/affirma- 
tive action employer and encourages applications 
from all qualified scientists. 

Executive Director. Executive Director of newly 
established Incorporated Research Institutions for 
Seismology (IRIS), a non-profit consortium of about 
40 research universities. Initial duties include selling 
up Washington, D.C. office with associated financier 
and clerical services, conducting necessary contract 
negotiations with federal agencies and private orga- 
nizations, handling procedures and arrangement! 
for extensive committee activities, and working with 
the managers of the various research programs. Un- 
der supervision oF the President, represents the cor- 
poration as necessary In dealing with member insti- 
tutions. funding agencies and contractors in admin- 
istering large .scientific programs. The corporation 
anticipates a level of research exceeding $20 million 
annually in five years, with a permanent office staff 
or un to ten. Candidates must be able to work inde- 
pendently. with hide staff support in the first year, 
and havesiifficieni breadth and experience to estab- 
lish an efficient, functioning corporate office. Appli- 
cants should submit resumes and names oral least 
HH¥ lo: 1 R J, S j Inc., Department ED, 

Rond* Avenue, N.W., Washington, D.C. 

cUlAfU. 

IRIS is an equal opportunity employer. 

Applied Geaphyslcsffiowllng Green State Univeral- 
ly. The Department or Geology invites jtpnlica- 
hmii for a tenure track, assistant professor position 
in appifcd neophynci. Salary up to $30,000; Ph.D. 
requited. The successful candidate will be expected 
fo develop a research program in some aspect or ap- 
plicd geophysics and teach courses In geophysics. 

exploration nenahwln .ami In hi. i?__ 


Hydrogeologlits/minola State Geological Survey. 

Positions are available for research staff to study 
problems inolving hazardous and radioactive waste 


iiicauon skills. Send a letter of application, resume, 
1, , lhree references and list of publications to: 
MariiyrvRebccca, Personnel Office, Illinois State 
Geological Survey, 615 E. Peabody Drive, Cham- 
paurn, 1L 61820 by October SI, 1984. 

The Illinois State Geological Survey is an equal 
opportunity/affirmatlve action employer. 


Postdoctoral Poslllon/Naval Postgraduate School, 

The Ocean Turbulence Laboratory has available a 
postdoctoral posit ion Tor n person interested in the 
analysis -and interpretation or oceanic turbulence 
data. The tenure is Tor one or two years. The suc- 
cessful candidate should have a Ph.D. ill physical 
oceanography and although experience with turbu- 
lence data is preferrable it Is not essential. The op- 
portunity for Involvement in data gathering expedi- 
tions Is also available. Resumes can be rent to Dr. 
R.G. Lueck, Code 68 Ly. Naval Postgraduate 
School, Monterey, CA 93943. 

AA/EOE, 


0CEAN0G 




ER 


GS-1360-12, 

SALARY $30,549-$39,711 




lion, two faculty from the Physics DeparUheni par- 
Itclpaic in our geophysics program. Complete geo- 
physical instrumentation, including a seismograph 
1 1 ail on and rock mechanics lab, are available. 

Interested . persons should send resume, statement • 
of research interests, official transcripts, and three 
ieyen of reference to Charles M. Qnaieh, Chair, . 
man. Search Committee, Department of Geology, ■ 

I Wl11 in | cmevvin K « C8A in Rend, 

rmpfoyii an e ^ ua opim^nli^ j. 


The.Remote Sensing Branch of the Naval Ocean Research and 
Development Activity (NORDA) located at National Space Technology 
Laboratories, Bay St. Louis, MS. is seeking qualified applicants for a 
physical oceanographer with experience and interest-in research 
studies of ocean dynamics via satellite altimetry. .Duties will include 
providing oceanographic interpretation of the-GEOSTAT mesoscale 
product; aid in obtaining subject procedures for the production of 
mesoscale analysis; assist in the GEOSTAT Ocean Application Program 
(GOAP) through the coordination of ongoing objective and subjective 
data system development and interfacing with programmers to provide 
oceanographic guidance for software Implementation; develop 
methods for the production of Expanded Ocean Thermal Structure 
(EOTS) bogus files from altimeter derived .topography; responsible for 
reporting results through published technical reports, Journal papers 
and technical briefings. Applicants must have, as a minimum, a 
bachelors 'degree in oceanography or related disciplines, and a /' 
minimum of three yeairs of professional experience of graduate ... 
education, or a combination of both. QuaHffed applicants should 
contact the Naval Ocean Research and Development Activity, NSTL, 
MS. 39529. ATTN: Code 140 or call (601) 648-4640 forappHcatfon 
forms. ■ '• • i ■ ; ‘ 
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October 2, 1984 Eos 


ana ine uirar anu nanciary Laboratory invite an 
plications in a continued rearcb to fill a iiaic-fund- 
ed, tenure track posnion in cosmochemisirv. The 
area or specialization within Cosmochemisirv is 
open. The appointment involves research, teach in* 
and the superv ision of graduate studenu. The suc- 
cessful candidate will be either ai a junior level with 
extraordinary promise or scientific accomplishment 
as well as the potential for developing substantial ‘ 
leadership capabilities and an international scientific 
reputation, or will be at a senior level having al- 
ready demonstrated these qualities. Applications, in- 
eluding a resume and the names and addresses of 
four individuals who could serve as professional ref- 
erences. should be seni. by December 31, 1984 i 0 
Professor Eugene H. Levy, Head. Department of 
Sciences, Umvcnity or Arizotia. Tucson, 

The University is an equal opportunity/affirma- 
uve action employer. 

Northwestern Univcraily/Departmem of Geological 
Sciences. Applications are invited for a tenure 
back position at the assistant professor level from 
persons who will complement one of the existing 
departmental research programs in striictuai geolo- 
gy, tectonics, petrology, geochemistry, and sedimen- 
ury geology. Applicants must hold the Ph.D. degree 
by the time of appointment and demonstrate excel- 
lence in or strong potential for independent re- 
search in one or ihcse fields. In addition to having a 
strong research orientation the position will involve 
(eacnillir at Lhe unr nranrliniA J I... 1 


plications for a tenure iSE “P- 

gust of 1985. Apnllranu wMI P hA IO ^ ln In Au ' 

completed requBSSS ?or ,he^ nfn'S “ h T 

that tune. Apjointmem is cxoSied S £' grCC , b) ' 
the Assisi anc Professor leveffir 31 

might be considered □ , fcS. out e ’ cce P | ionai cases 

i£!h STraduV," 

fn or W 8^pMSl ZS' 

tom Freeman, Chairman 
Depart mem of Geology 
University of Missouri 
Columbia, MO 65211. 

SST" ?- nd AppUcxiloni, Inc, Science 
^Applications, Inc. (SSAU. locaied in 
the Metropolitan Washington, D.C area carries om 
sciennfic and engineering support for satellite re™ 


nie MSni>ai<! .nr" vlillor -ippuinLnienis at 

and e *b|th«MW ,C r Val0tV arc available hr new 
ana ciiaoiishcd l h.D s for up to one year to earn 

ks and related M 'h r P h >* ic *» ?olar-len estrial phys- 
f^rriuSSSS^". 1, ApplKanis should provide 
ri^ V.r ' 'Hfktcluig education, work cknc- 

millar Jiill 5 i*hn ! lon *' , . hc n ^ in « of three scientisu f a - 
"»b iheir work, and a statement of their re- 

a ioBR Apr / 'u " nr J 5 r " 1 u 1 sl he twe'ved b>- 15 
1985 anil they should he sent to: Tile HAQ 
-ummhicc, hU Alliimle Ohimafon, N ° 
SBK 1 n " A ‘ 7 1 “P h enr Researcli. I'.O. Box 
SMiBoMldcr, Colorado 80307-3000 

.ta“5fii n r BH Ac 


r-"— — — — uiklU'JC 1 1//5U 

romnuter, fu My automated JEOL 733 Microprobe/ 
SEM and high pressure and geochemical labora- 
lories. 

Letters of application should be accompanied by a 
resume dial Includes a description or research inter- 
eits and accomplishments and teaching experience 
a Ust of publications, and the names oral least Lhree 
references. Send to: S.O. Schlaiiger. Chairman. De- 
partment of Geological Sciences, Northwestern Uni- 
verslty, Evanston, fllmoii 60201. Closing date for 
applications is November 1, 1984. We expect to fill 
the posimon for the fall of 1985. ^ 

Northwestern University is an equal opportunity/ 
affirmative action employer. 1 

Scripps Institution of Oceanography/Geochemia- 
, Applications are invited Tor a tenure track 
ractihj position in the general field of geochemistry 
and petrology, including inorganic/phvsicat marine 
cnemistry, manne biogeocheniistiy, geochemistry of 
ttdimemary, mciamorphic, and igneous rocks, Ilu- 
id-rock inicracnons, theoretical and experimental 
petrology, and organic geochemislry. The position 
will itiTOlve graduate-level teaching and the supervi- 
non of graduate student research. The level of the 
appointment will depend on the applicant s qualifi- 
cations. Applicants must hold Ph.D. degree and 
have demonstrated excellence and independence in 
research. Associate or professorial level iandidates 
must demonstrate a strong research record in their 
assistant level candidates will be ex- 
pected to show evidence of iheir potential iliiou K h 
publication record appropriate for their experience 
and letters of rccommcndaliun. Send Idler of aunii- 
canon and curriculum vitae, including description 
ol research interest and names or three references 
to. L hair man, Graduate Department. A-008, 
acrippi Institution of Oceanography. L'uiversiiy of 
California. San Diego. I a Jolla, CA 92093. Closing 
date for applications is 1 November 1984. 

An equal opportuniiy/aniniiaiivc action employer. 


Flight Center and NOAA/Comincrce Department 
For qur on-going and foturc prqjecis, SSAl lias iob 
SPg'V proTessionals wift e/.S., M.S.. and ^ 

eire ' ‘ffif! r " ff 110 "' and reie ? rch <“PPon experi- 
cnee. SSA I offers a congenial R&D work environ- 

52S c T P 5® Ve ,nlarici and airardi !»■ 
“ ” ,,,r rB,,D " rerc,,in “‘ 

SCIENCE SYSTEMS AND APPLICATIONS, INC. 
10210 Grccnbelt Road, Suite 610 
Seabrook, MD 20706 

ployer M/F 0p P urlur,il J ,/Anlrm!,u « Anion Em- 

Senior or Senior Project Hydrogeologlst«ydrolo. 
gist- A newly-formed hycfrogcoloffy and engineer- 
mg consulting firni. The MarfCroSp, seelfsTma 
hydrogcologUi orfiydrologisi for 
an immediate filling' of senior technical posinons in 
the Las Vegas and Pleasant Hill, California offices. 
Ungoing and projected investigations will emphasize 
water resources development, hazardous waste, anil 
geotechnical engineering projects. Principal project 
work is in California, Nevada, and Arizona. Prefer 
applicants with minimum four years similar experi- 
ence and MS degree. Strong written and verbal 
communication skills and overall initiative are re- 
quired. Professional rcgisirauon in geology or cnjri- 
nec mig desirable. Salary and bonus commensurate 
wiih training, experience and productivity. Owner- 
ship participation anticipated. Please send resume 
and references to: 

Dr. Robert F. Kaitfinann, Principal 
The Mark Group 
80 1 S. Rancho Drive, Ste. D-SA 
Las Vegas, NV 89106 
70^384-4747. 


oe coiumcred. The posrion requires a Ph.D. with 
emphasis in structural geology, regional tectonics or 
icrtonophyics.. The new faculty lemheSSe 
ri^pportumty to leach in ihe area «r his or her 
soeaally ami may also be assigned introductory lev- 
]®2i, Tllc . successful candidate will be expecteil 
to establish a vigorous research program invohintr 
graduaieMuden's. 1 he person who fills this posi- K 

" n P ro 8 rani in structural groto- 
gy and tecionics that includes both field projects 
^ " genlogy/geophysics ans mechanics/ 
r«, l .r C iu mi ^i }r ,Iu . tllcl ™ siruciures in the western 
Cordilkra. There is an excellent opportunity to col- 
laborate wish other faculiy in struciural geulogy 
scdinieniology, geophysics gcochcmisiry and petrol- 
ogy. A vita, copies of publications, names of lhree 
persons that may provide references, and a letter 
outlining the 'Candidate's research anti Leaching in- 
I crests should he sent to Dr. William P. Nash. Chair- 
man, Department of Geology anti Geophysics. Uni- 
rersiti; of Utah, halt Lake (aty. Utah 841 12-1183. 
Dcarilmc for receipt or applications is December 31, 
1985 W ' " ' he marling in September 

The University of Utah Is an equal ..p.mri unity/ 
affirmative aclinn employer. 1 1 

Phyricjd Oceanographers. I he Physical Oceanoe- 
rapliy Branch ol the U.S. Naval Oceanographic UF- 
“ eks fuB-ttme Urcanographers for the study of 
Hie circus of oceanic current and thcrnul/dciuily 
stracture on undersea sysiems using data collected 
Irom vanous platforms for a variety of proieas. 

The projects involve ihe collcciion. analysis and re- 
Ph> Sttal oceanographic data directly ap- 
pltCdble to relevant Naw environmental icquirc- 
lo duty may he required. 

Mutiule vacancies at the GS-7, 9 and 1 1 levels arc 
available depending upon qualificaiions and experl- 

$R e ^te nopen u,,ta f,i,nisa,arv 

, Hea « c V ,l ^ , -' r « r required forms): Debra Sta- 
jiles, #NOO-72(84|, Commercial GO I -688-5720 
A ii to von 485.5720, or ITS 49-1- 5720, U.S. Naval 
Oceanographic Office, Management & Personnel 
Division Personnel Operations Branch. Code 1320, 
Bay Si. Louis, N51 L, Mississippi 39522. 

Solid Earth Geophysicist. Faculiy position at ihe 
Graduate Department of Scripps Institution uf 
Oceanography and the Institute or Geophysics and 
Planetary Physics. Applications are invited' for a len- 


6TH INTERNATIONAL CONFERENCE 
ON BASEMENT TECTONICS 

September 16-20, 1985 
Santa Fe, New Mexico 

Sponsored by 

INSTITUTE FOR GEOPHYSICS AND PLANETARY PHYSICS 

AT 

LOS ALAMOS NATIONAL LABORATORY 
AND 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Interdisciplinary oonferenoe on nature, origin, and reactivation histories of 
large-scale fraotures and major structural features In the oruet of the earth 
and other planets. Basement deformation and regional teclonlo studies. 

9PECIAL SYMPOSIA: 

1. Basement Controls on Mineralization 

2. Basement Teotonloa end Chronology of Preoambrlen Rooks, 
Mld-oontlnent Region, USA 

3. Basement Controls on the Development of Intrecontlnental Rifts 

PROGRAM steering committee conference committee 


PROGRAM 8TEERING COMMITTEE CONFERENCE COMMITTEE 

Paul Mohr General Chairmen - M. J. Aldrich 

Wnilam Muehlberger Program Chairman - A. W. Laughiln 

W° Randolph °Van Sohmu. Arr« n g.m.nt. Chairman - L. Maa.aan 

FIELD TRIPS- 

1. Colorado River raft trip In Grand Canyon - 6 days. 

2. Colorado River raft trip in Grand Canyon - 4 daya. 

3. Bright Angel and Kalbab trails trip In Grand Canyon. 

4. Western Jemez Mountains. 

5. Northern Rio Grande Rift. 

There will be Invited and contributed presentations. Abstract deadline 
la February 1 , 1985. Obtain a brochure and abstract form from the Program 
Chairman: A. William Laughiln 
Mall Stop D482 

Loa Alamos National Laboratory. 

Los Alamos, New Mexloo 8754S , . 

Pre-oonfereno# Workshop ! 

PARAMETERS CONTROLLING THE DISTRIBUTION OF 
LARGE ORE DEPOSITS, ORE CLUSTERS, MINERAL BELTS, : 
AND METALLOGENIC PROVINCES. 

' ... ■ September 15, 1B85 ■ i 

\ ’ ' Sponsored by • .' -i' ; . 

I AGO D C0MMI88I0N ON TECTONIOS OF, ORE DEPOSITS ! 

For Inlormatlon' write to: Jan Kutirta : V . 1 ' 

Laboratory of Global Teotonifaa and Metajlodeny 

i .... • ; ;' o/o Dept, of Chemistry American University , 

; ; Washington, 0.0, 20Q16' ; ^ .y : : 


Oteanography and the Iniliruie or Cicui Jivsics and 
Planetary Physics. Applicaiiuns are inviicd'for a ten- 
ure track faculty pojllion in the field of aolid Earth 
geophyjm, including in iheorelical and observa- 
tional aspect v. Tlv* i»<tiijnn will involve eraduair 
level teaching and ilitr vupuxiviou ol grailudic >iu- 
deni research. Qualificaiions include a Ph.D. in one 
ol ihe sciences and demonsiraicd excellence and in- 
dependence in research. Weight will be given to evL- 
2*5* ®‘s.“Perior leaching ability. An appointment 
a * Assistant Professor level is envisaged but 
qualified applicants at all levels will be considered. 
Associate or professorial level candidates must 
demosniratc a strong research record in their spe- 
c**lly» asMstant level candidates will be expectec/to 
show endence of their potential by means or a pub- 
Itcauon record appropnate for their experience and 
in their letters of recommendation. Salary commen- 
surate with qualifications and experience.' Send let- 
ter or application, curriculum vitae, including re- 
search mierests. and the names of three references 
to: Chairman, Graduate Department A-008, Scripps 
Institution of Oceanography, University of Califor- 
rna. San Diego. U Jolla. CA 92093. Responses must 
be received By November 30, 1984. ¥ 

An equal opporiunity/aflirraaiive action employer. 

Geophyales/Unlverilty 
of California, Berkeley. Subject lo final budget - 1 
ary approval, the Department is authorized to make 
two faculty appointments, one at the senior level 
ana one at the junior level, and anticipates making 
two forther appointments next year. Applicants 
with an outstanding record of research in any field 
or geology and geophysics are encouraged to apply. 
The ability to cany out leading research, as well as 
an interest in teaching graduate and undergraduate 
students, are major factors in the selection. Applica- 
tions, including the names oT at least three refer- 
encei.ahould be sern by December 15, 1984 to the 
Search Committee, Department or Geology and 

fomH , S l 72(t JniVer * ity ° F Ca,ifor,liB ■ P™ 1 *. Call- 

The University of Califoniia is an equal oppartu- 
nity/affirmauve action employer. 

Position Available/Unlveraily of Hawaii, post- 
doctoral FeDowship, full lime, salary $22,000— 
124,000. One-year appointment. |o -begin approx!- 1 
wilh «conJ year contingent 
on availHWiiiy of fundi. * 

A researcher with a background in meteorology 
or aimapherte physks is needed to join an ongoing 
study of local atmospheric properties at Mauna Kef 
Observatory, one ol the world's most renowned sites 
for ground-based astronomy. We aim to (1) charac- 
terize the local microdlmaie at the mountain top, 
and (2) study dear air turbulence gboVe the site? 
Highly advanced siaie-of-the-art meteorological 
instnimetnailon, now jn place at the site, will be 
used as a basis for the study. . -. 

. The candidate wijl be required lo spend some 
.lime on Mauna Kca, although most work will be 
done In Honolulu at the Institute for Astronomy 
(* FA}, one of the forefront Centers for research in 
astronomy. The IFA Is pari of the University or Ha- 
waii and dose lo the UH Department or Meiefarolo- 

B - Collaboration with the Department of 
eteoriogy will be encouraged. 

We seek a candidate with knowledge of physiol ■ 

metwrolwan^ruppcratm0ph^phvsks.A 1 


HYDROLOGIST/ 

GEOHYDROLOGIST 

Excellent growth opportunity In en- 
vironmental research and services. 
Will lead development ol research 
programs to Identify flow and trans- 
port of chemfcal substances and 
mitigate environmental Impact. 

We need an individual with a PhD 
In Hydrology or Geohydrology plus 
at least two years field experience 
in groundwater monitoring, flow and 
transport modeling and environ- 
mental Impact mitigation. Equiva- 
lent education/experience, e.g., an 
MS and more extensive related 
experience, will be considered. 

Our location offers an excellent 
quality of life for anyone who val- 
ues a clean environment, abundant 
outdoor recreation and a small 
town, university atmosphere. Apply 
by sending your credentials, salary 
requirements and references to: 

Manager of Personnel Services 
WESTERN RESEARCH INSTITUTE 
University of Wyoming Research 
Corporation 

P.O. Box 3395 University Station 
Laramie, Wyoming 02071 

WRI is an equal opportunity em- 
ployer. I 


Ccophysicisl/Univcralty of North Carolina. The 
Department or lieirlugy invites applicaiiuns for a 
lenurc track faculty position in solid -earth K eophvs- 
J 11 -* ’ 1 ‘ JM5 - The P , - , *ttion probably 
will be *L the assistant prulcwur level. l»ut candi- 

tJ 1 ’ n2 5 f? C - ,alC P r ? f “*° r '"'d w iH he comiil. 
erect, the Ph.lJ. is required, anil uosc-dunoral 
cx|KTienrr u desired. Our prefvrctu.c is for a sei*- 
i lining i si and/or lectonujihysiciM. who would cum- 
pleineiH currcni departmental activities, inti any 
gond .inplicunl in geophysics svill be comtilcred. 

FacuUv niembera sire expected to cnmlutt a s-isible 
5H?^ CU | VC tPearc , 1 ' F IO «rain. teach graduate and nii- 
dergraduate students, and supervise theses. 

Innumes ancMcueri of application should be sent 
to r. Geoffrey Fens. Department of Gculogv 02U-V 
L'n-yenuy of North Carolina. Chapel Hill. Nc ' ' 
-7514. Applications must include resume, statement 
i re *^ u a, ‘ J leachtng interests, and the names cl 
f.t lea ?‘ three references Closing date for applica- 
tions u October 19. 1984. 

cirployi ** an a ^* rm * , ** ic wtion/equal opportunity 

Research Geophysicist i Closing Dale Extended 
(roni October 5 to November 2, 1984. The U S 
Geological Survey (USGS), Office of Earthquakes', 
Volcanoes, and Engineering. Branch orSeumologv 
u soliaung interest from exceptionally well-qualified 
persons with either a record oT demonstrated ability 
or outstanding potential for research in one or 
more areas orBranch activity. The Branch of Seis- 
mology conducts fundamental research in the fields 
ot earthquake prediction, network seismology, 
crustal structure and volcano seismology'. Tne 
Branch u particularly interested in a geophysicist 
with expertise in the field of seismology. 

All interested persons should submit a detailed 
resume of education, exjxrience, summary of inter- 
ests and research intentions, and the appropriate 
salary level commensurate with experience oy 2 No- 
vember 1984 to: 

William Ellsworth 


We seek a candidate with knowledge of physiol '■ 
meteorology and/or upper airapSpheflc phvsla. A ■ 
basic background in synoptic meteorology Is re- 

3 ulred, and familiarity with measurement interns is 
rtiraWe. Minimum Qualifications: Ph.D. in Meteo-, 
rology, Atnuqpheric Phjrala, or a related field: a i 
proven record as a researcher ai demonstrated J>y 
publications (or equivalent experience); and recoin- ! 
mendalions by' peers, , 

Applications should be sent to: Dr, Don Hallj Di- ' 
rector, Inilituie for. Astronomy, 5680 Woodlawn 
Drive,. Honolulu, Hawaii 96822, so ai to arrive By I 
November 30, 1984, Further inquiries can be direct- 
ed to Dr. Laird Thampun. phone 808-948-8 102. . 

The University of Hqwait Is ah edual dpporluhitW' 

. affirmative action employer, • r 


545 Middle field Road, mS- 977 
Menlo Park, CA 94025. 

Should a position become available in the Branch, 
you will be notified of the competitive Federal em- 
plonnent application requirements. 

T™ U.S. Geological Survey is an Affirmative Ac- 
tion/Equal Opportunity Employer. 

WUIfora M. Rice Uoirenlty/Marine Geophyslca. 

The Department ol Geology invites nominations 
ami applications for the W. Maurice Ewing Chair In 
J*'" 1D SPP h >’- We a« weking appti cants Tor a new 
pqdtlonln marine geophysics .To fill thU chair. 

The Department of Geology has recently added 
two reHecdon selsmologuts to its fondly and is 
building a itate-of-ihe-art seismic processing farilltv, 
J^~ CCe J iful J a PP , «; m wiil h* expect edto teach 
graduate and undergraduate courses and to develop 
a strong research program in his or her area of in- 
in r on 8 oin 8 research with other 
members oT the Rice faculty and faculty at other 
T «“ universities would be encouraged. 
n,n7-u'T irieJ 5" d a PP6catIoru loDr. Albert 
BaUy, Chairman, Department of Geology. Rice Uni- 

Applications 

should Indude a detailed resume, the names and 
addresses oT three, references, and a statement or 
research interest. 

H.MSS38&" ,|qMl 

of 1 Geo-c, “ , «»fUnlverally of OUahom*. 
Applications and nominaiioni are invited for the 
position of Director of the School of Geology add 
Geophydct The Director is expected to have ii 

* ,ut) ng- ongoing research pro- 
gram and administrative experiences industrial r 
^nciKehclpfu!! flddoT geological JpccblEzAlion , 
aalanr to be negotiated. 
tAnnJin® 0, % e will move Into the new 
min?- 0 2r l ItJV'ln lc W along wilh atlterele- - 
SSKJJSTc Collage of CetMciences- the Oklahoma' 
Geolpw Survey; and the School of Petroleum and 
Geotegkai Engineerlng and the School of Chemical 
finmnecrirnr and tfunitali St-Lmu r 


* T °..v uio *bow oi Client tea 

ApblJtatlaiiiMih curkuhim viuie, names and 
Ihwldbe^m"!?, " feren f w -. and/Dr nominatipni 

Franqfo G. Stehli, Dean 1 

College of Geosciences 
Uidvendty of Oklahoma . 

601 Elm. Street. Room 438G : < 

r -a • Norman. Ok 73019. 

1 1985 . U ? n ° f a PP ,Icalions »«*. begin January 

. T he *»H5 ,ve ”i t 7 Oklahoma is an Equal Oppor- • 
tuiuty/Alfinnalive Action Em |d oyer. ” PP °* ; 




Eos October 2, 1984 


Dean 

College of Mathematical 
and Physical Sciences 

The Ohio State University invites nominations and applications for the 
position of Dean of the College of Mathematical and Physical Sciences. 
The College consists of seven departments: Astronomy, Chemistry, 
Geodetic Science and Surveying, Geology and Mineralogy, Mathematics, 
Physics, and Statistics. Undergraduate, masters, and doctoral degree 
programs are offered in each department. Included in the College is an 
undergraduate program in computer and information science In cooper- 
ation with the Department of Computer and Information Science (Col- 
lege of Engineering), an interdisciplinary major in mathematical sci- 
ences, a major in actuarial science, and a major in Engineering Physics. 
The Materials Research Laboratory is an interdisciplinary program at the 
graduate level which involves Physics, Chemistry, Metallurgical Engi- 
neering, and Ceramic Engineering. 

The College lus a faculty of 230 FTE and teaches over 9,000 students 
(FTE) per year. Several of its departments are among the most distin- 
guished in the University. 

The Dean provides leadership as the chief executive of the College and 
promotes tne goals of the College, departments and programs; the Dean 
reports to the Provost of the University. Qualifications for the position 
include a distinguished scholarly record in research and teaching plus 
demonstrated leadership and administrative ability. Candidates must 
qualify for a tenured appointment in one of the departments of the Col- 
lege at the level of Professor. The deanship is a twelve-month position. 

Position available July 1, 1985, or at an enrlier date. Salary is negotiable 
and commensurate with background and experience. Nominations or 
letters of application, curriculum vitae, and names, addresses, and tele- 
phone numbers of four references are required. 

The Search Committee will begin to review dossiers on October 10 and 
will continue to receive nominations and applications until a candidate 
is selected. 

Applications and nominations should be addressed to: 

Chair, Search Committee for a Dean of the 
College of Mathematical and Physical Sciences 
The Ohio State University 
Office of Academic Affairs 
203 Bricker Hall 
Columbus, Ohio 43210 


Gradiule Assitunuhlps In Physics, Space Physics 
■nd Atmospheric Sciences. Assisi anuliips arc 
available for graduate students seeking M.5. and 
Ph.D. degrees in S|kkc Physics, Atmospheric Sci- 
ences ur Physio, at the University of Alaska. Rc- 
icarcli areas include btitli Experimental and Theo- 
reiiral studies in Space Tlasnia Physics. Solar Phys- 
ics. Goni|nuaiianal Physics, Radio 'Physics, Atomic 
and Molecular Specirnscopv, ALmosj/heric Optics, 
Atmospheric Dynamics. Atmospheric Chemistry, 
Physical Meteorology and Climatology, Thesis re- 
search is conducted through the Geophysical Insti- 
tute. The stipend is $12,000 to $15,000 per year de- 
pending on credentials. Students with B.S. degrees 
m Physics. Atmospheric Sciences. Elec uical or Me- 
chanical Engineering arc encouraged to apply. For 
more in formal ion, write to Professor J.R. Kan, 

Head. Department or Space Physics and Atmo- 
spheric Sciences, or Professor C. Siviee, Head, De- 
partment of Physics. University of Alaska, Fair- 
banks, Alaska 09701 or call 907-47-1-7513. 

Research Associate in Marine Geochemistry /Texas 
AScM University. Applications are invited for a 

S isition of Research Associate in the Department or 
reanagraph), Texas A&M University. Candidates 
should possess a Ph.D. and strong background in 


snouia possess a t-n.u. ana strong Dackcround in 
solution nochcmuiry nr related area. Pcniiion will 
be for at least 1 .5 years, to study actinide adsorption 
on mineral surfaces in the presence of organics. 
Sianing salary $19,000 /year. Send letter of applica- 
tion, transcripis. resume and names and addresses 
of two references to: Dr. John W. Morse, Depart- 
ment of Oceanography, Texas A&M University, 
College Station. TX 778-13. 


University of Colorado/VIslfing Faculty and Post- 
doctoral Fellowships for Research in Atmospheric 
and Climate Dynamics, Environmental and Atmo- 
spheric Chemistry, Environmental Biochemistry 
and Geochemistry. One year awards offered by 
the Cooperative institute for Research in Environ- 
mental Sciences (CIRES). CIRES is supported by 
NOAA and the University of Colorado. Awards' 
may be made to senior scientists, including those on 
sabbatical leave, or to recent Ph.D. recipients. Sti- 
pends average $25,000 for twelve months. The pro- 
gram is open to scientists of all countries. Selection 
of awardees is nude in pan on the likelihood of ac- 
tive interaction with CIRES scientists and other re- 
search groups in Boulder. Senior CIRES-afhliaicd 
scientists working in these fields include James 
Avery, Susan Avery, Hen Balslcy. RogerBarry, 

John Birky, R. Ray Fall. Lang Farmer, Fred 
Fehsenfetd. William Hav, Murray Johnston, Bruce 
Koel. Eric Kraus, Uwe ftadok, Robert Sani. Robert 
Sicvcrs. and Harold Walton. Applications for the 
1985-86 academic year awards snoud be sent to: 
Professor R. Sieveri, Director of CIRES, Visiting 
Fellows Program, Campus Box 449. Univenity of 
Colorado, Boulder, CO 80309. Include a vitae, pub- 
lications list, and a brier outline of the proposed re- 
search. In addition, applicants should request that 
three persons familiar with their qualifications send 
letters of recommendation. Junior applicants should 
submit undergraduate and graduate transcripts. 

First consideration will be given to applications re- 
ceived by December 1. final application deadline is 
February |5. 

The University of Colorado is an affirmative ac- 
lion/equal opportunity employer. 


Bureau of Mineral Resources, Auslrallai Senior 
Research ScUnlUt/Prfaicipal Research Scientist. 

Applications are invileef from suitably qualified 
men and women for the position of Senior Research 
Scientist {SRSJ/Principa] Research Scientist fPRS). . 

BACKGROUND: The ability to delect and identi- 
fy nuclear explosions is an important element in 
achieving the Australian governments objective ul 
seeking a Comprehensive Test Ban treaty which _ 
would ban all nuclear tests by all states in all envi- 
ronments. A National Monitoring Centre (NMC) 
and an International Data Centre {IDCt are being 
established u> assist the international monitoring ot 
nuclear explosions by scismolgical means. This grotip 
often scientific and technical stair will be estab- 
lished within the Bureau of Mineral Resources, Ge- 
ology and Geophysics. The leader of the Group will 
report to the head of ll* Earthquake Seismology 
Section within the Division of Geophysics. 

The initial task or the Group Lender (SRS/PR5) 
will he to arrange facilities to carry out the monitor- 
ing and data analysis roles anti to develop these into 

"Vfi^E^To'dlrcci the operations of the NMC 
and the IDC for the scismological monitoring of nu- 
clear explosions. 

QUALIFICATIONS: Admission to degree or 
Doctor of Philosophy or equivalent qualification to- 
gether with considerable experience m scismological 
research is essential. Experience d managing a sci- 
entific team, the science of monitoring nuclear ex- 

K loslons. scismological data processing, signal en- 
ancement techniques, and digital data processing 
would be advantageous. 

SALARY: Senior Research Scientist $A32,367 — 
37,274; Principal Research Scientist IA38.886 — 
43,941. 

Classification will depend on die successful candi- 
date's qualifications and experience. 

CONDITIONS: Conditions of service include su- 


Unlvcrslty or Wisconsin— Madison. The Dcoan 
mem or Geology and Geophysics invue, application, 
for an anticipated tenure track position at foe assist 
ant professor level in applied gemum phnlogy an d/ 
or hydrogeology cninniencing in August 1985. The 
applicant should lie commuted to ricvvlnpinn a 
strong resCHi-cIi pingraui as well as leaching under 
graduate courses in sninc aspects of engineering 
and environmental geology. The PIi.D.r required 
Applicants with course work in engineering and an 
interest in the field application of geologic princi- 
ples are especially encouraged in apply. Send leii er 
of application outlining your professional goals 
transcripts, resume, copies of publications, and ' 


□ernnnimiion, long service leave, four weeks annual 
leave and removal expenses io Canberra. 

APPLICATIONS: Together with full personal 
and professional details and the names of ac least 
three referees should be sent to: 

The Director 

Bureau or Mineral Resources 
PO Box 378 

CANBERRA CITY A.C.T. 2601 
AUSTRALIA 
By 26 October 1984. 

Civil Engineering. The Univenity of Notre Dame 
is seeking applications for a tenure track Assistant 
ur Associate Professor position in its Department of 
Civil Engineering. Applicants should have an 
earned Ph.D. in Civil Engineering or an 
apppropriatciy allied discipline; the initiative, schol- 
arship, and c real i Wry to direct a funded research 
program encompassing M.S. and Ph.D. students; 
ana a demonstrated anility for quality teaching at 
the graduate and undergraduate levels. The suc- 
cessful candidate will strengthen the Department in 
at least one of the following areas: water qualiLy, hy- 
drology, environmental chemistry, soil mechanics, 
gcuicclinical engineering, design or structural analy- 
sis. Appointment will begin with the Fall 1985 se- 
mester or oilier agreed upon date. Send resume 
and names or three references to: William G. Gray, 
Chairman. Deparinicni nf Civil Engineering, Uni- 
versity of Noire Dame, Noire Ddmc, IN 4G556. 

A fl in native Action/ Equal Opportunity Employer. 

Old Dominion Univeralty/Marine Organic Geo- 
chemist — Search Extended. The Department of 
Oceanography seeks candidates for a newly created, 
siaic-fimdcd tenure track faculty position in marine 
organic geochemistry. Specific reseaich interest is 
■ ■pen, .imtuugii the niaior departmental emphasis is 
on coastal processes. The successful candidate is ex- 
pected to pursue a vigorous funded research pro- 

E am, and to teach undergraduate and/or graduate 
vcl courses in his/her field. The expanding Ocean- 
ography Department offers programs leading to the 
MIS. and Ph.D. degrees. It currently has 15 faculty 
positions, with three in chemical oceanography, 70 
graduate students, and the appropriate facilities for 
many chemical studies. The position will be at the 
assistant professor level. A Ph.D. is required and 
postdoctoral experience is desirable. The position is 
available for the 1985-86 academic year. Applicants 
should submit a vita, statement of research uiicrests, 
and the names of three references by October 3 1 . 
1984 co: Dr. Gregory A. Cutter, Search Chairman, 
Department of Oceanography. Old Dominion Uni- 
versity, Norfolk, VA 23508, 804-440-4285. 

. ODU is an affirmative oction/cqual opportunity 
institution. 


Closing date is January I, 1985. 

The University of Wisconsin is an equal opportu- 
niiy/aifirmiiiivc action employer. ^ 

Physical Sciential: Department of Commerce, Na- 
tional Oceanic and Atmospheric Administration 
(NOAA). The National Environmental Satellite 
Data, and Information Service (NESDIS), Office of 
Research and Applications (OKA) announces a va- 
cancy for the position of physical sciential, GS-1301- 
13, Suiilund, Maryland. Vacancy closes October SI, 
1984. The successful applicant will perform basic 
and applied research in physical sciences with em- 
phasis on i he land sciences using imagery and phys- 
ical measurements collected by meteorological ana 
land resource satellites. The purpose of these inves- 
tigations is to increase knowledge and understand- 
ing of hydrologic, climatological, and land-related 
phenomena and processes, and to develop applica- 
tions of remote sensing data io hydrologic, clmiaio- 
logicnl and land-related problems. The position re- 
quires a demonstrated ability in scientific research 
on ilie application of remote sensing to the above 
stated problems, ax evidenced by publications in the 
scientific literature. A Ph.D. in the physical sciences 
or equivalent, familiarity with programming of 
mainframe computers and experience wich interac- 
tive digital systems arc desirable. Persons interested 
in applying must request a copy or the vacancy an- 
nouncement which contains qualification require- 
ments, by writing to NOAA, FOB 4. Room 2051, 
Washington. D.C. 20233. ATTN: RAS/DC24, Mary 

S iieen, or calling 301-769-1986. Applications 
ould be submitted on Standard Form 171. 
Department of Commerce is an equal opportunity 
employer. U.5. citizenship required. 

University of Rochester/Faculty Position. The 
Department of Geological Sciences at the University 
of Rochester invites applications for a tenure track 
position in scdimcmology. Rank is open. Applicants 
must have an active research program and be com- 
muted io excellence in reaching. Applicants should 
submit a curriculum vjiac and ai range to have three 
letters of rccomniondniiun sent to: Lawrence 
Lundgren, Chairman, Department of Geological 
Sciences. University of Rochester. Rochester, New 
York 14627. 

The University of Rochester is an equal opportu- 
nity /affirmative action employer. 


Manager. Research Computer Facility. The Uni- 
versity ol Oklahoma is luukinu lor u person to man- 
age a recently purchased VAX I |/7K;i computing 
facility dedicated to reseat cli in the Geosciences. 
Hardware and Sufiw.uo arc designed lor image 
processing, seismic reflection cl.il-t processing, and 
graphical display of geological, geographical and 
geophysical data. 

In addition in the 1 1/785 with Rinbof GPU mem- 
ory, the system includes an array processor, lire 
tape drives, five disk drives, a line printer, a 36" 
electrostatic plotter, and twu high resolution graph- 
ics work simians with a digitizing hoard. The image 
processing hardware ini lories a Guulri-DcAlua 
IP8500 processor with 16 image memory plurics. 
real lime disk memory and ihicc high resolution 
color monitors. 

lire person selected must have at least a BS de- 
gree in science, math, engineering oi related field; 
two years programming experience including FOR- 
TRAN; eiliicni iiuial or miupiiiing experience in sol- 
id earth geophysics ur me ten mingy. Experience with 
the VAX VMS operating system as well as supervi- 
sory experience are desired. 

Salary is negotiable. People interested in the pon- 
lion shnuUl send a resume, copies of academic tran- 
scripts, and the names, addresses and telephone 
numbers or three references to: 

John Wickham, Director 


Signal Processing and Control Systems Scientific Scl,, ?| l id'flei.lugy & (ic-i.pliyslcs 

Engineering PosPdons. Available at B.S., M.S., University nf Ok la Inn in 

and Ph.D. level in the following R&D areas: Digital ( w 


and Ph.D. level in the following R&D areas: Digital 
Signal Processing— design and analyze algorithms, 
conduct data analysis wills emphasis on ifctecdan, 
estimation and spectrum analysis. Control Systems 
Engineering— design and analyze digital/annlog 
adaptive control. A working familiarity with FOR- 
TRAN is required. Working closely with other high- 
ly skilled professionals, individuals will participate in 
an environment that nurtures self-directed achieve- 
ment. u.S. citizenship is required; current DOD se- 
“fW clearances desired. Submit resume to Dr. Da- 
'3 Ff’nblum, Technical Director, XYBION COR- 
PORATION 240 Cedar Knolls Road, Cedar Knolls. 
New Jersey 07927. 


Applications iniisi he received bv November 2, 
198-1. 

POSITIONS WANT ED 

Geologlsl/Gcochcinist. .13, M.A., I'lt-D. 1983. Spe- 
cializing in low temperature geochemistry and geo- 
chronology with extensive experience in Rb-pr mass 
spectrometry. Several publications. Seeks industry, 
academic research, or government position- box . 
027, American Geophysical Union, 2000 Florida Av- 
enue N.W., Washington, DC 20009. 



California Coastal 
Geology 

October 20-3 1* 1984 National Association 
for Women Geoscie mists Field Trip: Califor- 
nia Coastal Geology, Burbank, Calif. (Nation- 
al Field Trip, AWG l /is Angeles, P.O. Box 
5941, Pasadena, CA 91 107; (el.: Chris 
Bathkcr: 805-043-2 154.) 

This 2-day field trip on the California coast 
will allow participants to explore the produc- 
tive Monterey formation and (he Miocene 
volcanic; and opliinlilcs of the San Luis Obis- 
po area. Margaret Keller or the U.S. Geologi- 
cal Survey (USGS) will lead the Saturday trip 
(o the Monterey Formation, and Sunday's 
ouling will be led by Cathv Busby-Spera of 
the University of California at Santa Barbara. 


Plan on San Francisco Nowl 

AGU Fall Meeting 

December 3 -7, 1984 


Coastal Zone, 

Continental Shelf 

Nov. 14-15, 1984 Coastal Zone and Con- 
tinental Shelf Conflict Resolution, Cam- 
bridge, Mass. Sponsor: Massachusetts Insti- 
tute of Technology Sea Grant Program. (T. 

Z. Henderson, MIT Sea Grant Information 
Center, 77 Massachusetts Avc., Building 
ES8-30 1, Cambridge, MA 02139: tel.: 617- 
253-7041.) 

T-he conference will explore traditional and 
non-traditional methods Lor resolving con- 
flicts arising out of ocean and coastal re- 
source use and development. Experts will dis- 
cuss complex case histories involving scientific 
uncertainty and disagreement for which an 
approach, other than expensive, lime-con- • 
suming litigation, could produce belter re- 
sults. Papers presented by legal, scientific, 
and management experts will cover problems 

strmi mrk a. it., nil -»:n f , . . 


ami 0.1 pipelines, deep ocean mining, and . 
boundary disputes. A look at the potential 
applications of alternate resolution techniques 


will include an examination of computer 
models, mini-trials, and various mediation ■ 
techniques. 

World Mining Congress 

November 19-23, 1984 12th World Min- 
ing Congress, New Delhi, India. Sponsor: 

The Institution of Engineers (India). (The 
Institution of Engineers (India), SD1 State 
Center, B. Shah Zafar Mrg 110002, New Del- 
hi, India.) 

The main theme of the Congress is "Opti- 
mal Exploitation of Solid Mineral Re- 
sources— -Challenges and Constraints." Tech- 
nical sessions will consider the following sub- 
tnemes: Transformation of Resources in 
Reserves Through Improvements in Mining 
Technology, and Resources Appraisal Meth- 
wis; Improved Mineral Resources Through 
Exploitation Techniques in Coal, Metal and 
Non-Metal Mining Including Mining of Ore 
Bodies Under Adverse Geological Condi- . 
tions;' Conservation of Mineral Resources In- 
cluding Solid Fuels; and International Ex- 1 
change of Experience in the Development of 
• Mineral Resources Through .Improvements • . 


in Mining Technology and Evolution of a 
Mineral Policy. In addition to die technical 
sessions, there will be three round tables on 
the following themes: Education and Traui" 
ing of Mining Cadres, The Role of Small’ 
Scale Mining, and Special Questions OfMfo: 
ing Technology and Safety in Mines, The 
Congress is coordinated with an Internauonw 
Mining Machinery Exhibition, which wul 
from November 14-28. 

Deep Internal Processes 

September, 1985 International Syrnpo- , 
sium oh Deep Internal Processes and Coiur 
nental Rifting, Chengdu, China. Sponsor: / 
Chinese Lithospheric Committee ■ : 

Frojdevaux, University Paris-Sud, Lab. ue°" 

. phyaique-B&i. 510, 91405 Qrsay, France)- ■ . 

Authors who wish to submit pap er ® *£, 
notify the convenors by October 81,' - 

The aim Of diis sympOshmV i> to j^ rd . , - 
research work pn lithospheric problems^.? 

: gested topics for discussion are the . - 

and origin of continental rifling I ^ 

• and composition of crust and upper njafo"*. 
with combined application ,<?£ Kisnut, 


October 2, 1984 Eos 


magnetic, magnetic, paleomagnetic. gravimet- 
ric, and geothermic techniques; seismic activi- 
ty and earthquakes; magmagenesis. including 
extrusion and intrusion, formation of ore 
bodies and kimberlites, and formation of oil 
reservoirs; petrological, geomorphological, 
and geochronometric investigations; and rhe- 
ology of rocks and geodynamic modeling. 
There will also be a tour of the Panxi Rifting 
Belt, and a second tour in Northern China is 
being planned. The official languages of the 
symposium will be Chinese and English. 


Future AGU Meetings 

Fall Meetings 

Dec. 3-7, 1984, San Francisco, Califor- 
nia. Call for papers appenred in Inly 3, 
1984 Eos. 

Dec. 9-13, 1985, San Francisco, Califor- 
nia. Abstracts due mid-September 1985. 

Dec. 8-12, 1986, San Francisco, Catifor- 


Spring Meetings 

May 27-31, 1985, Baltimore. Maryland. 
Abstracts due early March 1 985. 

May 19-23, 1986, Baltimore. Maryland. 

Regional Meetings 

Front Range Branch Symposium on 
Geophysics and Geology of Yellowstone, 
October 25, 1984. Golden, Colorado. Ab- 
stracts due October 12. 1984; call for pa- 
pers appeared in September 18, 1984 Eos. 

From Range Branch Hydrology Days 
April 16-18, 1985, Fort Collins. Colorado. 
Abstracts due December 31, 1984 for pro- 
fessional hydrologists, February 15. 1985 
for students; call for papers appeared in 
July 24. 1984 Eos. 

Chapman Conferences 

Vertical Crustal Motion: Measurement 
and Modeling, October 22-26. 1984. 
Harpers Ferry, West Virginia. 

Solar Wind- Magnetosphere Coupling, 
February 12-15, 1985. Pasadena, Califor- 
nia. Abstracts due November 1, 1984; call 
for papers appeared in July 111, 1984 Eos. 

Ion Acceleration in the Ionosphere and 
Magnetosphere, fune 3-7, 1985, Boston, 
Massachusetts. 

Magnetotail Physics. October 28-31, 

1985, Laurel, Maryland. 


The last Geophysical Year calendar ran 
August 28, 1984, in Eos. 


Scholarship Assistance 
for Minority Students In Earth, 
Space, and Marine Science 
1985-1986 

The American Geophysical Union is 
once again pleased to participate In the 
American Geological Institute’s Minority 
scholarship Assistance Program. Ap- 
proximately 70 awards from $500— 
$1500 are expected to be awarded for 
inis term. 

Eligible candidates are: 

• G ^ duate or undergraduate students 
wth good academic records; 

• Enrolled In, or applying to, an accred- 
ited Institution to study earth, space, 
or marine science; 

• American bom Black, Native American, 
or Hispanic students who are U.S. 
citizens 


Eor a /?yer for your student, call or 
write to: 

Members Programs • American Geo- 
PMcal Union • 2000 Florida Ave., 
^^WasHngton, D.C. 20009 • (202) 

Eo r applications, call or write; 

Andrew d. Verdon, Jr. • - 

Rector of Educatfori 

^o^cal institute 
JcZO King Street- 

Virginia 22302 

(703)379-2480 

1985 qat, ° n DeadIine ' February I, ' 



Separates 

To Order: The order number can lie 
found at the end 0 r each abstract; use r|] 
digns when ordering. Only papers with 

S-tPS?" ?' e f vMc from AGU 

for f r lc ,,rsi ariit|e an[ i si. oo 

for each additional article in Lhe same «.r- 
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lsplIaailBB, [„ „ „ 4| ff. ran 

I. Caophya. Has., p, Papa, iOUOS. 

Q4J0 CompoiHlon 

SOLAR HES0SPHERE E'PLORER ULIRAVI0LFT 

ra ST™ m,;” 5u '‘ ,,E,,s ° F '« 

O.V. Ruich (Laboratory f 0 r Atmospharti and 


04M) Tide., naves and winds 

JtHHMfRFKIC RESPiWSI TO TliE Flint It. l, aJ KLIPSE 

^ BlfUnsoil, nnd H.fi. MWb <*U al 
National Cantor foe ALncaphorif Ria«a,eh*. p.o. Box Jiifti 
Rouldor, Colorado. and H.H. Rosa ' 

* ,nor ‘ 11 tlrr-ilation nrdel (joffl) 

5hw U t lao-Jopendant tlan.Mpb.rlr raaporao to 

orl.lLiT *7 M| The path nf i a t.U' V 

60-E* ^ ounrlao la tha Indian Kuan near )S*S and 

latitude r longltudo and and ing near 20*S 

lela^d. I l «* lludB tha vltlnltv of Lhe So I coo a 

mall jh 8 i 10 p " h of tatalliy lB relatival, 

raS r? r “. . P " lUl la *» L «l*«ty larne and 

ato..^ 7 » l / l Y* l " ,da " 1 tn thd dnvalde earth decrsaasa by 

SSL! . t" 1 ** th * I0tal Tha TCffl calculate ?ha 

'"PT.toro, an .d nan. 
°[ th * canal ituant. throughout . 1 , a 

; follow the pnLh of Local Ity, 

J» h ta Tu 0n ’ occu *' r ln fl HI at about 

JSO to. The »lndi ronvorg. froQ.ll dlrorrlood rouorrt the 

a ahara "ST** "**** 40 ° " ,n th “ tboma- 

■phara. lb. UKtsua Lnparacuro jnmaly (-70"E| and v«r- 

t ' 8 " ‘ “« '■>" clntor of tha 

ahadaw. Thu n.a, nUlng ratio of H, along a tnnet.nt- 

praawra iurface daursaaor b, up to 21 and that of n tn- 

" bv up .“ :x . 10 tMP-aao to Lho sudden choreo.phorlc 
tooUn a caused by tho eludou [OBalng over the .lava Ido of 
rna earth. At a cons taut altitude of 10* te the. », and 0 
niobet daneltios both dacraaaa hy about «. Tha tloe- 
derandanr calculation shows that <j Imiurbanta. nra gonardtad 

batln^ ° , l Ch * eLllp *°- “ Jrl > tha largest par Cur- 

hat Ions fallowing the path of totality. 

* 

Tho RaLlonl Cantor for Atmospheric Pesos rch Is sponsored 
fay the hsiloosl Science Foundation 

J. Ceophrs. Boa., g. p fl p ur vgsoio. 

0499 Dansral (Ataospharlc Chaniscry) 

SSf cirj C ?n- BF ° * C, ° * « * °2 Bern™ 292-147 i 
L wT?" ar Comer fnr 

Coahr Idas i n,>, ■ le, ■ Harvard Unlvsr.lt, , 

(LHRl ''raanni » ,th >»•« “RnttlC T.aonanna 

af Iha*fi.^ ■*“ U amti “ the Unetlca 

II ."""r' Pseud™- f I ra t-ordor decoy, of 0 
C 0 “ ri of Cl ° 10 **"■» 0 agres vary wall and 
ylold a rata conat.nt of U.S ; n.Si . 10 -L1 nriu- 
culo a seat 100 X, with no dlscernafala tcnooriituro 
dopenietca over the rang. 252 - 14J K. Both 
and for sons orperIn.nl. the Cl .tot, product, are dot ac- 
ted directly with high eou.lt ivtcy. Eep.t taint, are 

tHntlli ■ 1 ' d Ln * r * DB| mi lha ele,d un «r- 

talnLlas include as eaifoate of ayacoostlc ortota at 

tho 2o or 95T conridocto loval. Bosult. are c„ P .“d 


iccnyratory tor fltmojpharlc and 

aSula. af C ‘>'d r d ,1n . "O' 19? , M J lh oth ‘ c roc,nt work “d taplteatlon. or tha aoorwhat 
"j Colar.do, Rinaai q.h. Xou.t, C.A, th 0 Chlarinr loducad da.trucLIc, 

Barth , R.J. Thane i end N,T, Cation of Oj in the itrato.ph.ra ate coni (dared. 


The ozone d.njlly of the E.rlh't nesoSpher, 
the 1,0 io o.l mb [4ft to 711 tn) region hit 
been neetured at mnllt latitudes for the 
period fron Decenber iflfti unit! tho presoni h, 
ea ultrevlblot spar I ra.et «r on tho Sol ir 
Hesesph.re E«plor B r sateltlio. ftesuli! for 
1(8. era reported. The ozone ml.tng ratios ir» 
found to bt highly variable In time and plica 
alth maxima occurring in tno Htnlor 

hemispheres. The results sho- ronple. time 
vsrlationi at all pressures and I'titudes. s 
re I a 1 1 ye nailmun oriurs In J.jt, at lho r.j.nr.,,. 

I. Covplivi. Pus., [i. Pspur -OlliM, 


0450 Coop os Ulan l AlonU at Hot ocular I 

OH TUB Dl BTRIBIIT 10HS or LOSS LIVED TIUCEU MtD CHLORINE 

SMC IBS ID THE MIDDLE ATMOSPHERE 

Susan Salonen (Aaron on. Laboratory, Hatiooal Ocaaolc 
and U D naphrrlc AJotnlitr.,. lvn, Bouldai, Colorado 80301), 
and Rolando P. Garsle 

A nucar Ual M.dal aaploylnj tha rasldval Eularlan 
formulatloa and amalL eddy dlffualvUy roatflclenEa la 
uiad to calculal. the distributions of clinical traces 
and chlotloa spec las. The predicted daaaltlaa or ni- 
trous oalds, asthma, and rhlorourbooi sta ahown to ba 
(n good agreamont with avallabLo obaorval Iona, and to 
exhibit strong latitude gradients. Coopered apatlal 
variation! In machine produce large variation. In tha 
HCL and CIO densities. In particular, ■ pronounced 
local slnlua In HC1 la obtained near 40 iua for certain 
latitudes and seasons, with a corresponding naxloua j B 
CIO, prloartLy aa a raaoit of tranaport of ataoiphatlc 
■athano. It Is luggaaEsd thst spatial and abort-tan 
taaporal variability In aathaaa lua pocantlally laport- 
ant coniaquiKBi lor the HCL and CIO dlatrlbutlona ln 
tha atnosphare, and chair variability, and for tha 
eh la tins catalysed destruction of stratospheric osona. 


J. Gucptye. Bob., D, Paper 400947 


Electromagnetics 


J. Coophye. Rea., D, Paper 4D11S8. 


0430 Aeronpsy (Cempovttlon) 

SIRATOSPHENIC If HI J Ihfi RATIO (V iff I US [H THE MWIhEHM 
Am) SOU (HERN HEH1SPHEHES 

J. H. Park {NASA Langley Research Center, Chemistry and 
Dynamics Branch, Ataaipnnrlc Sciences Division, 

Hampton, Virginia, 2366b), D. J. H. tomtit I , and H. l. 
Buljs 

At spheric spectra obtained by tno different 
balloon-borne Hlchelian interferoaeters have been 
analyzed using a nonlinear least-squares filling 
method. The largo differences fn tha if mixing ratios 
reported earlier by other Investigators have been shout 
to be less wan previously Indicated, although It has 
been found that stratospheric HF nixing ratios are 
apparently significantly larger In the northsm than 
the southern hnl sphere. Ihi too IT proMles, homer, 
snow a ilallar vertical structure with an Increase In 
the alxlng ratio betmon 20 Ui and 25 ha, an 
ipproxleutoly constant valet between 25 b> end 36 ba, 
and a further Increase above 35 era, el though the 
profile above 3} Lb remains sonexhet uncertain. At the 
sioe tlBe, the saae spectre Have bees analyzed for C0j 
and KiO mixing ratios for overlapping altitude ranges 
In order tt provide confidence In the IF proTIle shape 
and mixing ratio values obtained. The IF profile shape 
as deternined In this wort Is considerably different 
fron the theoretically predicted profile. 

J. Gtephye. Roe.. D, Paper MIMS*. 

OttO Hindi 

rat HERIDIfWAL THERMOSPHERIC MUTUAL HIND MEASURED BY 
RAMA AMP OPTICAL TKUNtQOIJ tfl THS AURORAL REGION 
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Aid Set., Paper *S0bJ2. 

0M1 Anrennaa 

THE EXCITAT10S OP PLASMA HAVES BY A CURHEST SODRre 
HOVISE IN A HACHSTI2E0 PLA5HA: THE HHD APPR0KNATI0B 
C. E- Raeeuaaan ICaater for Atiuapharlc and Spaca 
Sc loner, Ulah State Ualvaralty, Logan, Utah. 8*1221, 

P. K. lanha and R. J, Harkar 

Thu oac list Ion of lnw-fraoduuy plana muss arising 
froa a current source Bovlng through a cold, algor l - 
Iced plane la con at da rad . In particular, cha affscca 
or notion of tha iDurn upon the radiation pat tern era 
■tud lad. Id tha praeent paper tfao general theory of 
nva eieltatLon by a aovlog source la davaloped and 
■pacific approx lae I Iona ara aada which are valid ror 
froquanclaa curb batov tha ion— cyclotron froquancy. 

Tha aaplltuda and patters af ihear-Allveo vavaa excit- 
ed by a currant source are stud Lid far aourcel whoee 
Slxe la tbe direction of Botlnn te large In ecaparlion 
to Lha alia In other directions and alia for sources 
Iibaae alia la large ln tbe direction of currant flew 
(aLio Is cooper laon to the also of the source In ether 
direction!}. It te shown that tbe radiation pattern 
of the abear waves arlen naturally a* a cooeaquanea 
of tha notion or tha aourea and that any nodolatlon of 
tha source currant bee little affect open tbe uvea, 
otbar than to radune their aaplltuda. (wavs excita- 
tion, BOV leg aouKo, HHD approx Inat Ion, tothxred 

■atoll I is) 

J. Ceuphya. Sea., A, Paper 4AIQM. 

0770 Radio Oceanography 

AIRCRAFT AID SATELLITE MEASUREMENT OF OCEAN WAVE 
DIRECTIONAL SPECTRA USIN0 SCAMUHO-IEAH MICROWAVE RADAR5 
F. C. Jackson (NASA Ooddsrd Spaca Flight Center, Coda 071, 
Green belt, NO 20771), W. I. Wilton and P. L, Baker 
A ■terowvi radar techalque for raaotely Maturing the 
vector nave iniabar ipectrua of tho aeaao surface is 
described. The technique, Htafch alloys ibort-pulse, 
noncoherent radars In a conical sun asda star vartlcal 
incl dance. It thorn to be suitable for bath aircraft end 
sate Mile application. Tha technique has been validated 
at 10 la aircraft altitude, where we hive found excellent 


V. B. Ulckwar (SRI International ; Radio Phyelce Laboratory. ?*_ *r_T.*"T‘ ~T Z'ZL’ZZZ'.ZiZ'-'i-i ."i r , -- - 

c * *“ 51 - j - *• H,r,w * th,r ' p - 


and A. f . Hagy 

Radar obaatvatlana of Ion valocltlaa In tha eagnollc 
xanlth over Chatantka, Alaaka. warn uaad to dstermlna tha 
geomagnattc nerldlonal corponnt of tho Lharwapharlc 
nautral wind. Corractlona Tor nolacular dirfualoa and 
molecular Ion couCSa I nation of the pure 0* eonpoaltlan 
aaainad for rbo lonosphora vara Included. ln tha analysis. 
Cwpartion of tha averaged diurnal variation af cha nerl- 
.Vr.tf.il annd iiruMnt bntwean tha. two reaaura 


J. □aoyhy*.' Raa,, C, Papar 1C1190. 


Exploration Geophysics 


dlonat wind ihewad good agraeeant batwatn tha. two reaaura- 

Bent technique!. Good agraeaant vai also fouxd for tareral D,J0 Hagaitle and aleclrleal narked a 
cosna of almuLtaaonua obaarvatlona. Tha avldtnca augieatad SHTOLAIIO* Or INDUCTION LOWIH NT 
that dtffarentoa nra eauead bf gravity wAvaai The 7 WTH0D 

yaara of radar BorLdlonai wind raeulta ware axial nod with . Rku-Ioni Chang (ScbIunbar|ar-Doll Rci 
. raepaec to nagnotlc aetlvlty, lolar cycle phaie, and Nidge field, CT OM77) RarkAra Aaderai 
■eaaon. Daring tha day. the oarldiOnal coaponenc Ip Tha raipanea of aa a tint toaageAE li 
po I award with a suiw of about 65 ■/■ batwnea 1AOO teol .paaatpg through easy {evaded tbl 
and 1600 local tlaa. During the night, tha wind 1* by the f Ini ta-aianant Bathed. Th 
eauaiorVard with' a aaxLaun of about 173 ■/■ bemoan DIM aeblevad high accerecy by uelng a 41 


the Fimn-iuiim 


•ku-R 0 B| Cbang (lcbIaawber|ai-DolI Rail arch, P.0. Im 307, 
lldgafleld. GT DM77) lartiri Aadaraon 
: Tba raipanea of «a elanttoaegail lc Induction logging 
tool, peaatpg through aaay {evaded thin bode Is alaulatid 
by the flnita-alanant Bathed. Tbit aiaolation haa 
achieved high accerecy by uelog ■ dl ff arches potential 
Mich ■■■bloc the traneBittar-rocaiver actual coupling to 
be treated njlyt {cally, Ceaaequently tho raaoval nf eba 


winter oboeryatlnAi Co the data Nat differ to *h« awthar fln«i-*la^ atlfind. The BOBerics! (tavlla war a 

or idle ted bv theory. . CopparlnR of thoia result! with . verified agalxet eaelytfcal aalutleoa for Kalt log caaaa 

'theoretical aedeia showed good agraveoHt at net tlMO. . •«* axeeltent agrenapl wae ahtalped. la tha preaance of 

■ but auggeet poaelble Mating polaward of Cbatwlha during skin ■TEpcL: Bhfoh la beyond Doll'e aaalyala by 

^ S2s r »&tfr4S-a:u.“ izstJS&s 

vj. **'*!»■■ ;j r ; •. :am *r - vpt - *■ '■ • 


Travel Funds 
to Fall Meeting 
Available to Foreign 
Graduate Students 

Grants of up to $250 ara 
available to foreign graduate 
students studying in the U.S. 
for travel to the AGU Fall Meet- 
ing, December 3-7 In San 
Francisco, California. 

The funds, a grant from the 
Short-Term Enrichment Pro- 
gram (STEP) of the U.S. Infor- 
mation Agency, are available 
to full-time foreign graduate 
students who are not receiving 
ANY U.S. government funds. 
Students in refugee, immigrant 
or tourist visa status are not 
eligible. 

For complete eligibility re- 
quirements and an application, 
wrlteor call: 

Member Programs Department 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, DC 20009 
202-462-6903 

Deadline: 

October 31, 1984 


' New AGU Science 
and 

Policy Lecture Series 
for Universities 

AGLl is pleased to announce 
the Initiation of a new series of 
Science .vnd Policy Lectures. 

This series is particularly 
exciting because it offers 
university students And faculty 
an opportunity to share 
the experiences, insights, 
and expertise of former 
Congressional Science Fellows 
and other AGU scientists who 
have demonstrated proficiency 
in the public policy sector. 

Each distinguished lecturer 
in this series is skilled in public 
policy' issues involving geo- 
physics. Lecture topics include 
water resources management, 
nuclear waste disposal and 
public policy and appropriations. 

For complete details on the 
Sdence and Policy Lecture series 
and a list of current lecturers and 
topics, contact: . 

American Geophysical Union 

Members Program Division 

2000 Florida Avenue, N.W. 
Washington, DC 20009 
(202) 462-6903 . , 
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0920 Kagnatlc aod alactrlcil methods 

IHPORT1HT DESIGN COM3 1 DIRATIOIS VOl INBOARD AIRBORNE 
MAGNETIC aRADEOEETMS 

(•0, Baxdwlck (r light Intticb Labontci), latiooal 
baaarch Council, Hentraal laid, 'Ottawa, Oatarlo, Canada 
II* 016) 

Ilia adwantagaa ef magnetic indiemetiy aa an adjunct to 
total (laid napping art ganarally raeagnlaad and a (aa 
aircraft have baan ■ quipped with gradloaatara > Thaaa 
gradlowatara ara derived Iron hi gh-iiaef t Iv I cy 
total-flald aagnaiaaaLae ayattaa that ara In thaaaalvae 
aahjact la certain arrara that eta uiually ba talaratad 
la cwonlioini lurvayi. Rnvefar, In a gradloaeier, where 
vary larga total-flald valuea ara dllfaraarad, the** 
arrara can, in many caaaa, greatly aacaad the banlc 
accuracy raquirad of the ay.L.m. 

There ara two principal lourcti of arror in Inboard 
iredfoMiry ayalaaa . The drat, and anil ilgaificant, 
raaulta (ina tha laavl table sugnat Ic [ntarftrcaca of tha 
aircraft or fro* tha Inability nf currently available 
conpaaaatlnn tyateaa to dral with tha aagnatlc 
lac a r fa ranee adequately. Vaaalaa nathada of caapan nation 
ara oat ,-if liciant ly comprehensive far gradlaaatry and 
tha active CMpeanation ayatcaa currently in uaa, which 
vara daalgnad (or atlltary appllcetiona, cannot guarantee 
roapmaatlcn at naro frequency IdeJ or at tha vary lav 
fraqulnciae of Internet to the gaophyaleicl cnacarnad 
with long-wavalaogtb anoaallaa. Tha aacaad aourea of 
arror la tha Iraqaanc y-countiag tachnique aauaily 
aapiayad to convert a Lamar fraquancy to aahlaac total 
field. The cauntiog procaaa la aauawhat tea logout to 
digital anpling at a ralatlaaly low rata and aa inch 
atforda littla protection agalnat a 1 lacing fees higher 
frequency Iniarlacanea aouceaa, including esapananta at 
aircraft wanauvarlag fraquanciaa. 

Tbit paper, uaing aitnplii, it lull rate* the two typaa 
of arror. A liat of daalgn criteria la praaantad and 
■craral technique! are deacrihad fur raillllng than 
Clitarla. finally, conpanaatlaa and survey line raaulta 
ara ahoun for a thraa-aaia grodioaatar ayttaa In tha 
Rational lataateh Council of Caaada'a Cenvalr 380. Thla 
aircraft uaaa nonor lanced caalua waqnatoaeiara , one la 
each wingLip and ono at tha c 1 1 of tha tall fin. 
Cowpanaatiaaa over tha not ire normal msn.uvtt anvalopa of 
the aircraft op all haadlaga give typical atandari 
davlaiion arxora of 3 nq/n Iron 3c to I h. lbua, tha 
system ia capable of aaaauTing gradlanli down to 
mingao logic background lavala. 

GEOPHYSICS, VOL. *9, HO. II 


0920 Magnetic and alactrlcal wocbole , 

1KBP.K-D ikubcohal tbbra in coaqpCTinns poR hhe-a-la-hasse 

AND HAGHRTOHETtK KSISTIVtTV BVZVSV9 

O.L. Uppllgar IParnarly Engineering Geoicianrr group, 

University <if 0.1 1 turn Is, Bark, lay; preaaolly Benunt 

kepi a roc ion ltd., iOl) Vaal beaert Shy loti, fucenn, *2 

89104) 

Thiou-dlsnneldnal modeling al topographic allrcl* in 
uisa-k-le-ma, I, and m.gnateaatrir rnaiatlvllr aurvuya n 
Mcoapliahed utlng tha surface Intagrnl uqujilon welhud . 
Ihe technique pro v id,, a arena fur (II anelralng thear 
effaces »>n earth ar-lal* of bwiganeaua conduct I vit y; and 
( 2 ) n«wiii| terrain electa fe-M flnld data. 

A new ail hid combining curiaot aourea Iwagoa with 
surfaea charge fca developed to treat tha electric field 
boundary condition! at the alr-oarth inter face. The 
anhed uaaa an taago of each anheurface cuireni aourea 
polaltoned above the aurlara, ao aa in Induce a aurfaca 
chars* distribution which approximately caneala tha 
charge distribution induced hy the aubaurfacc currant 
■eucca. The reaulting raaldual aurleco charge 
dletrlhut ion eerie. apar [ally more gradually than either 
of the original charge di.tribul ions , and hence oey ha 
rnprwientad accuratoly on a cuarasly MgoemeJ nodal 
aurfaca with aiople baala functlnna. 

The (opugraphtc surface ia adaLeJ by a Imlta nonber 
al licrta, each with conatanl dope and aurfaca charge 
density. Charge valuta ate ubtalnad with an itoralive 
aulullun tarhalquv. Surface alactric fleLda are 
calculated Iron the aurfara charge diatrihuiivn, currenr 
aourcee, and Enagaa . Tha magnetic field ia found by 
evaluating a aurfaca integral involving aurfac* elopes 
an.l ele.tric fields. The nutorical aolution n verllied 
by conparieiu. with d ipn le -d Ipo I e resistivity raaulra 
Iren 3 twi-dtaenaional I Inlln-elanenl model -I a valley, 
an] with a-ielvrlr eolut Iona fjr ihu nagnrlir fields over 
a lipping Interface. Hetnoda for terrain correct ing 
mae-b-Tatmae and oagneconut r Ic tcafativiiy data ara 
deoonei til *1 with acaaplaa uaing actual field 
senauroaenti . 

The roaulti of ehla study ihow that III rugged 
topography can a i gm f ic-t.l I y d i aror t □ojiuteaence in 
aiia-l-l nuw ml nijnci itolrlc reataiiviiy lurveva, 
anl ( 2 ) ihe described nodalmg Lwchnl.|ue providea an 
affacliva aeana of calculating terrain carraetiane foe 
both the alae-k-la-maeac and megnwtamatrlc raeiatl.Lfy 
nothoia over roaplca thraa*Jln«niioual topography. 
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The June Bacon- 
Bereey 
Scholarship in 
Atmospheric 
Sciences for Women 
1985—1986 


Expressly for women Intending to 
make a career In the atmospheric 
sciences. This monetary assistance, 
provided through a gift from June 
Bacon-Bercey, a noted meteorologist, 
will be given to a woman who shows 
academic achievement and promise. 
To qualify, candidates must be one of 
Ihe following: 

• a first-year graduate student In an 
advanced degree program In atmo- 
spheric sciences; 

• an undergraduate In a bachelor's 
degree program [n atmospheric sci- 
ences who has-been accepted for 
graduate study; 

• a sludent at a 2 -year Institution 
offering at least six semester hours of 
atmospheric sciences, who has been 
accepted for a bachelor's degree 
program, and who has completed oil 
of the courses In atmospheric scl- 
ence offered at the 2-year Institution. 


Awardee se lecl Ion will be made by 
ihe AGU Education and Human Re- 
sources Committee In consultation 
with the AGU Atmospheric Sciences 
Section. 


For application forms contact: 
Amerioan Geophysical Union 
Member Programs Division 
2000 Florida Avenue, N.W. 
Washington. D.C. 20009 


(202) 462-6903 


Application Deadline 
May 1,1985 


0910 Magnetic and alectrical aatheda 
(ITU HAL I IAS C0U7LIHG IN HAGffiTOTBLLUKW 
L.9. Fadaraen (Dapertmaut at Bolld Eaatb Fhyilca, 
Ualvtrelty of Uppsala, lax 554. 8-751 21 Upyuta, Sweden) 
K. Svennikjair 

bias affacti dua to uncorrslat.d Dales »! elaeiritsl 
and aa goalie channel, ara cast Into a quantitative 
framework which al laws for an Immediate caaaaxvatlve 

Judgaant of Impadaaca taaser quality from t alagla 
atatlan sec up. 

The horl menial aagnatlc field li xagardad aa Input to a 
linear ayltaa with tha hurlaantal alactrical (laid and 
tha vertical aagnatlc field aa output,. The cohareacs 
batman lnpali,.iha predicted coherence batvaan outputs 
and Inputs, aod tha paUritaclon characteristic. of the 
inputs dateralna the aatrcaal bias affacti. 

Exact aapraaaiuna for lapadanca tanaor aleaauta and 
tipper altaenli ara glvan, tereovar, rotation aoglaa of 
principal (apadanci direction, iksw, and alllptlefty ora 
calculated. 

Finally, v* study soar practical axaeplaa that show 
aoaa of tha characterlatlca pradtetad by our pedal. 
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M)K-aBlUTED OlfBH SEMBOia FOB AIUDBHE HA0BET0HSTRT ABB 


CRADIOKmV 

C.D. Hardwick (Flight Rcaaarch Laboratory. HotloBal 
Aeronautical latabl lahaant , Rational Baaiaxcb Coancll af 
Canada, Hantraal load, Ottawa, One., Canada) 

Optically pmped aagnataaalan ara charactailaad by aa 
uytiaal augla betwaca chair optical aaaa and tba 
direct Ion or tho aagnatlc (laid they an aoailag. 
Departure Eras tha optimal angle cauaaa a ahi (I la the 
Lanor fraqueacy with a corraapoodiag error la tha scalar 
valua of the aagnatlc field being measured. Ta aiaialae 
this arror, aagnataaataxa era conventional ly althor 
an icnt ad In aultlplo annanr cluster. such that tho armra 
tend to cancol, or they arc oachaolcally oriented In 
maintain the opt (ail angle with raspset ta tba aagaatlr 
Held vector. 

(scent caalua vapor aagnotoaotero uaing a apllt-baaa 
technique have a aufflciently flat arror chiroccorlatlc 
thot they can b* flown in a Mn-orfantad or "strap-down" 
configuration. Thla confl gnratlon haa ad vantage a with 
raapact to convrat laeal aathods [n tcraa Of reduced a Isa 
and anight sad of gToatly aaducod coal. Tbfa paper 
daacrlbaa tvo Mead orientation, far a particular 
apllt-baaa aagnataantar end calculate, tha allowable 

aananvar aotalnpe for oil dip anglaa froa 0 to 90 
digress. It ia ihom that tha raaldual oriental Igo errors 
can beat ba taadlad by tha content I ana I type af aagnatlc 
(at ar f crane t coapOnaaelnn aodtl that auac , la any caaa, 
ha laplaaaatad in digital lara for blgh-aonal 1 1 vl ty 
signal out ry or for any typa of gradiaaairy. 

Tha National Aeronautical Eat abl I ahwrnt (BAEI of tha 
■at Iona] laatarrh Council of Canada haa flown at rap-down 
aagnotooai ara in a thraa-aaia gradioaatar array in a 
Coeval r 310 for lavaral yooro. Baiulta far Ihe antlri 
norasl aaaauvrr anvalopa of tha aircraft. Including 10 
dsgrao bank turns, have aquallod or surpassed thoaa 
abtainad with orlontad aagnalonelars. lavaral typical 
ainouvar coapanairlon remit, ara praaantad that gaaa 
root -an an- square tree Hcna-aigai) raaidoal errors aa lav 
al 0.03 gaoBaa IfJ fox lotol field and 3.) 

“gene,. /■ In./a I Tor lateral gradient. 
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DIFFRACTION or ttlSYXMEIRIC WAVES IN A SO BIHOLE BV BED 
SODHDARY DfACWflHUIT IBS 

id. C. Chav (].h luohargar -Dol 1 Beaaarch, F.0. Boa 107, 
Ridgefield, a CM)?) 3. Barons, B. Andersen, and 
C. Henne.iv 

Ihia paper prsient. tha calculation of the diffracting 
of .miiyaaitrir borehole aarai by bed boundary 
discontinuities. Thu had boundary la aamaed to hr 
horlguntal and tha Inbunogano It ima to b* axially 
aymutne. In such a gaoactry, an Js icily ayaautrlc 
■ jure d will produce only axially avnaatrlr oaves. Since 
the bornnole ia an open etructora, the node spectrua 
conaLata of a dlacreta port ea wall ea a continuum. Tha 
scattering of i continuum of vivos bv bod hounds ties ii 
lliflcult I" treat. The approach uand In Ilia pail In 
I rest ing thtl clan nf prohlaa haa been approx loan In 
nature, or highly niiaericil, auch as the f Inlta-elonant 
nathod. we pr.aant hare a ayaiaaaric way to approximate 
tha cuntlnuna of oadn by diacret* aodaa. After 
dlacretUation. the acnllariog problem ran be trusted 
eloplv. Since the approach la aratematlr, it allows 
derivation uf ihe aolmion to an. deatred -logroe of 
ic.uricy in theorv; but in practice, it ia United hy rh. 
toapiUiUnal raaourema available. Ho alio ahow that our 
approach la variational and aatliflea boch the 

raclpraclty lhaaraa and anergr comae vat Ion. 
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Calderas and Associate Igneous Rocks 

Iniroduciion loCaMttas S pedal leue iPapor Mir W*. Uiaaaa. Sfrpftrn Self. aaJ fhaar U attyg y,j 


, Numerical Experimcnl.on Ihe Wiihd.awal of Magma Ffon. Crucial Rc^rvoif* IPapor 4B0514) 


Front J. Spin J2J2 


M OMfiauirelioa During .ho Evoiu.lon of Sal.dc Mugma Chamber* a* -u Eruption Trigger (Paper 400^^ ^ ^ 


On ihe Mecbanla of Caldera Rnurpnco (Paper 4B0609) 


Brace D. Monk J24S 


Laboralory Siudia of Volcanic Jels (Paper 4B0362) 


Sbmh Werner Kieffrr and Bradford Siumrujk gjjj 


"rcW*~-Fonnl™ E™*™: «'uSLXS. 7. ^ U. .O E. SI. 


Jones 8249 


LocaKun and Cooflguralion of Magma Bodlei Bcnuth Long Valley. California. Delormlned From Anomalou. Earthquake 

S( gna[, (Paper 4B02I21 Chris O. Sander, tw 


rfU„ Vall.y c*™. M... C.o,,,. CUta,* .575 .. .9.2 ^ ^ ^ 


Earthquake Swarm in Long Valley Caldera. California. January 1983: Evidence for Dike 'nEla'ten^lP-pcrJMTS^) 


Savage and R. S. Cadttrham gju 


The Long Valley/Mono Baiin Volcanic Comple*: A Preliminary Magneiolelluric and Magnetic Variation 

lmerpreiaiion iPapor 4B0360) p. Hermann, Warren M. S/twum, and Gregory A. Neumann 8125 


Catastrophic Iwiupte Modiflcaiion of Rhyolitic Magma al Time* or Caldera SubtWeneo. Y«lio».lone Plateau Volcanic 

Field (Papei 4B0062) |g> s jfltdreOi, Robert L. CJirfnfcuufn, and James R. O'Neil 8319 


Craterv Calderaa. and HyatodiiUiei on Young Pgdlte Seamounii iPaper 4B0354) 

Lratore, Laioeru. i a Rndcy Battsa, Dantei J. Fornart, David A. I'unLo. and Peter Lonsdale 8311 


Calderas’ A Planetary Perapective (Paper 4B0330J 


C. A. Wood 8391 


Dowmag Caldera*. Ring Faulti, CaMera Sat, and Incremental Caldera Growth (Paper 41102 131 


George P. L. Walker W07 


Largo-Volume Rhyollle Aah Flow Enipllont and Submarine Caldera Cotlapre in the Lower Metorolc Stern Nevada, 

California iPaper 4 B0345) 

Cathy J. Biaby-Spera 8417 


Folded Cauldron* of the Early Proiermoic LaUne Group. Northwoiiam Canadian Shield (Paper 4B0361 ) 


R. S. HiUtbrand 8429 


CaUfern Development During the Miooaa Eruplion.Thira,Cyclade», Greece (Paper 4D0328) . , 

Grant Ilelken and Floyd MeCoy, Jr. 8441 


Caldera VokaiHci or ihe Taupo Volcanic Zone, New Zealand (Paper 4B012B) 

C. J. N. tPliiM. A. M. Ragan, I. E. M. Smith, D. J. Narthey, I. A. Naim, and B F. Houghton 8443 


Formniion of the Aim Caldera, Southern Kyuihu, - 22.000 Yean Ago (Paper 4B0269) 


Shlgro Aramakl 848) 


Tenlary Tahizuchi Cauldron, Southwestern Japan Arc: Fonnailon by Ring Fracture Subsidence IPaper 4B036B) 

ToJtej-orhl YotUda 8302 


Enipliun Raid and Compoiitlonil Trends at Los Humeroi Volcanic Center, Puebla, Mexico (Paper 4B01 Si 1 

Horaclo Ferrlx and Gall .4. Stahood 8511 


Amaililan, an Actively Resuiglns Cauldron 10 km South af Guatemala Oiy (Paper 4B0543) 

Richard L Wunderman and WBHam 1 Rase 8525 


Pyroclastic Rocks and CaMera* Associated With Strongly Pcralkalino Magmalism I Paper 4110702) 


fluff A MahooJ 8540 


Late Quaieinary CaMera Volcanoes of the Kenya Rift Valley (Paper 4DQ420) 

L. J. J. William, Roy Macdonald, and G. ff. Chapman 8333 


Geochemical Evolution of the Menengai Caldera Volcano, Kenya IPaper 4B030S) 

Philip T. I.eitr. Ray Macdonald, and Robert L Smith 8 51 1 


Stratigraphic Rolaliona and Source Areas of Aih Flow Sheets of ihs Black Mountain and SlonewaU Mountain Volcanic 
Centeri, Nevada (Paper 4B01JJI 

Donald C. Noble, Thomas A. Vogel Steven I. Weiss, John IP. Erwin, Edwin H. McKee, and LrlanJ If. Ymoikfr ESaJ 
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EFFECTS OF T1FEL1HES 0B BEECTBAL 18DUCED-FOLARIIATIOB 
BDBVIT8 

Joigs O. Farra (Daporcaiot of Gteaclaoce, flouthuosl 
Baa a arch InaiiCuta, San Aalooio, TX 78714) 

Tba EatBil alactaowagnal le coupliag aalueioB (or o 
dlpoli-dlpolo elect rods array eanflgurat Ion haa baea 
Bodified to iocluda cultural eoupliog In a anifota 
ccdSucc Ing balf-ipoca. So lot lags ara obtained Ear aurvay 
linos orlaacad al to axbllriry poslcloo and aagla wLih 
resptet la s cylindrical stauciora. Tho canvargaeca 
prapartiaa of abo goacral Butoal iapadaoca aoluttao ara 
anslyxsd wslog s low-Ersquasey approxlastioo which li 
osaful ia prsdlcclog cultural siwasllsi Id chi (raqooney 
rsnga a( spectral IF aurvsys os long SS all algal f least 
dim, os ions are loss than osa akin dopih. Bach intar facial 
polarisation and inducod carroota ta cha cylindrical 
conductor are coaaldared In maaBioinB the behavior of Cha 
ovocalk spaclrun aa staa by aa axioms! aba«r«ar. 
■paclral raiponaoa Ear dipolr-dl pola arrays orianlad 
parpandieular and pxTallal 10 tho burled conductor ahow 
tbal Cha pbaaa ahi Ft ia cha rnoae diagnostic par malar for 
pip* dapih and aurvay data distortion. Tba raaolia also 
show that liald aurvay pracaduroi tan ba dtviaad ia 
alninlxa such Inlarfnranca efftett whan tha pip* pail lion 
ia known. 
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Eruptive Huiciy of Ihe Rhyalilic Kane Springs Waih Volcanic Center, Nevada IPapor 4BQ36S) 


SfFtw IV. Nomk 8603 


Peralkalme Ash Row Tulfi and CaMera* of the McDermili Volcanic Field, Soulheasi Oregon and Nuilh Central 
Nevada I Paper 4B02J9I 

James J. Rytuba and FuMn II. McKee 


Welded Tufb Deformed Into Megarbeomorphic Folds During Collapse of lha McDermili Caldera, 

Nevada-OregoD IPaper 4B0359) 

Howard R. Ilargroee and Michael F. Sheridan 


The Mineralogy and Pe Irology of Composiiionslly Zoned Ash Flow Tuffs, and Related Silicic Volcanic Rnck*. From the 

McDermili Caldera Complex, Nevada-Oregon (Paper 4B0440J „„ 

IVulirr K. Conrad 


IgnimbriHi of ihe Eastern Snake River Plain : Evidence for Major Caldera -Forming Eruptions (Pupcr 411036 Jl fw( . 

Liu .4. Morgan, Dadd J. Doherty, mid William P. Ucman 


Evolution of lie Early Ollgocene Bonanu Caldera, Nonheail San Jiun Volcanic Field, Colorado (l*uper 4B02SI1 - 

RuJiiti J. Varga and llrlan M. SmltH ■ 


Internal Oedogy and Evolution of the Redondo Dome. Valles Cnldera, Now Mexico I Pupcr 4D0364) 

Jh-nnii L Nielson and Jeffrey 8. Hnlcn 


Calderas and Ash Flaw TulT* of the Mogadon Mountains, Snulhwalem New Mexico ( Paper 4(1019 1) 

J. C. Raul. R. P. Marvin, C W. Noestr, and M. Blkeman 


0930 Bataaie a* tha da 

KDLTI D1XEB1 10IAL LIHEAHKO IHVEHS IDS ARD BRIBHIC 
MICHATIOB 

A.J. Barkhout (Dol Ft Doiverally oE Tschnola|y, laboratory 
o( Balaaic aoi Aceuatlca, Voatbua 3044, 1E0O OA Delft, 
Tba Hatherliwla) 

Dili papar dlaruaaaa tL» eloas relallonahip betwaao 
aaiaBie Bigratlo* and aaltldlBaeileoil tnvaralea 
according to Iba linearised invees, aeatlarlng theory. 

Tha lloearUaA Invaraa acaiurlag approach rapraaesta a 
*l»*4 modal lng-fnv*r, tea praeadura. Dnlika aqlBBlc 
aliraelon, tba actual iovariion procaaa la cacriad cot on 
cha difficanca bilwiwn a nodi lad rafaraoca ratponaa and 
lha actually aiaaurod data. Tha autpwt la lanoeally 
•ilia. F*r*a»l ra of tha 

Baiaoir wlgrailaa rapraisua a direct Inwaralon aathodi 
lha downuaid saLrapalal loo procaaa la caerlad out 
dliaetly ng Hi* aaxaorsd data. Output la praaontad in 
taraa of rallaciivily, 

IE tha raftrancs Btdiua baa haan choaen In ouch a way 
that ' 


Mld-Teciliry Aih Flow Tulf Cauldrons, Southwestern New Mexico (Paper 4B04141 


Wotfgang B. Elston 1733 


Calderas of the Mniyxvale Volcanic Field, Weil Central Utah (Paper 4D01 92) 

T. A. Steven, P. D. Rowley, and C. O. Cumrlngheet 


Variation) in Caldera Devtlopmen l In the Terliaiy Volcanic Field of Trans- Pec ox Texas (Piper 4D026Q) 

Christopher D. Henry and Jonathan G. Price 


CnMerai or the Stem Madre Occidental Volcanic Field, Western Mexico (Paper 4B0JO7) „ ^ 

Erie R. Swanson and Fred W.McDorseH 


The Roola nr Aih Flow Calderas In Western North America: Window* Into the Tops of Qranlllc 
BaihoUlhi (Paper 4B0397) 


Peter W. Upman 


(II Chi total wave riald In the rararaoca aedim 

cu ba spill into a downward traveling courts 
wave field and in upward trsvaliag rasponifl 
Itha propagation af bath way* lialda belag 
daflntd by tha ma-vaj wxia equal Ion) and tbal, 
171 Iba upward travel Ing rctpooia la tit rtloriace 
oedluB can ba ntglaClad with raapeet ta tha 
upward l rival leg raaponas In lb* actual aadluB, 
thiD istiBlc BlgritLan and llnaariaad invars ion da f ina 
identical Invaraleo practises. Typically, tho abovs 
conditions ara fulfilled In a honogsBieua roEaranca 
ncdluB. 

IB itarailvs nultldlaanalonal Invarslon, tha full 
invaraa loitering problio Is appraaehad by a nuabar al 
llnaariaad lavaixion steps. I sbnw that each linear step 
conaiati of a pi attack alaratlon procaaa and a praalack 
mod sling paaaals, the asdoling ampul bring used ia 
rcaova Iba contribution al multiple scat car lag. 

I 1 ■'*?* f or * pmper iBvariion praeaaa, 

Inferutloo on tba * last la pariaitara urn aids tha lalaale 
Ettqaancy budvldlh (tiaporally ini apitlally) .hould be 
account ad for In the rafarinca aidiua, 
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mad. I -eooat ruction tachnique., nd oofelav.. ecaaputat lon.l 
■friclancy through tho uaa of analytical loluelons to tba 
U V ?h«'! d , "* ,, rf U - lh * thv>Tr * nd •Uorlthma davalopad 
1 “ ,k ell»w atablo aid efficient raeoo, trust loo oE 
, ,ld * r ™‘ a roUtiyoly aparaa sat of 
IWr plana-vsva aampewat i» 

.eoapo rlafo af tho a 1 gar I tha. with dl.crato intograiioo 

rlr , r B 'f 0r * v,r y or DO advanciga 

Tor rh* tr.nifora.tlon ftm tho tlaa-diita M * L*-c) 

Srt Vi 1 ^ * ot ««Ft Ita* aagla of -acg«io. (r-y) 
dOBafn III tha aolaBogroas ara oquisaaplid apatlally. 
■owavor, whan the obsanad aaliBogria* are not equally 
apaeud or lha traoCoraatton r-» to t-x | a par f a mad, 

to th - »*-^**» 
A ppl icability •( tha algorlthBa to rtElactlon 
hl ' “* th * eolation of 

' ini ar polar ico , «rd . 1|0 th „ of th 

aapirat ion of convartod 8 moimt f r0B oth * r 

laVl'iV.rtnn ‘".“"“"""“r Mrteri. In both oaiea th. 
»ri...inL f* * ,,, to • set of synthetic 


0999 Qaniril or alacolUnooua #,HDlS 

THE IHFLDEHCB OF SALT »OMB 8 OB IAL80«BPE«*i 
D J STBDBUITOVS . «,,.it. » 

J.J. O'Brian (Sohlo Patrols™ Cu., 50 Fremont 
Frauciaeo, 0 A 94103) I. Larohi . .„,i yrt 

A Chirac Lari at Ic of aalt domaa la that *n ,l **“ . [, 


9930 1*1, ait aatheda 

■TAILS FLUE-VAFE 'DIOOMFOIITIDB AMD (FIERI 0 AL-MATI 

u cons men o*i afflicatimb to cgkvehid e-mu 
IIFABATIQI ABB 1BACK IRTEXTOLAT10H 
J- Jullea Cabrera IDepartasat of Soophyalaa . n d 
Aitrooaay, Daiviqelty of Irltlih Colnabla, 131) H.I B 
Kail, Fanceurar, 1,0. , T41 192) Shloao Laiy : 

PI an, -wav, daceapoaitloa of the verticil diaplabaant 
eoapooiot of a spberleal-aav* flafd carraaBOodiag to a 
eaapyiialoMl point aouroe la aolvad aa a aal of israraa 
^ ‘“'"‘^o oat bod otlllaaa tba pawir aed 
at ability af Backus and Ollbart iamalltit lod Elattagt) 


■930 Balaaic aathoda' 

OFTlHOf BIIIMIO FEL0CTTT EITUUT08S ' 

■.L. Rlylln (Dipt; oj llaetrloal RaiLnaarina Tha 
£*!!"*& Btatloa, Boa 3295, 
BU "n Jt-22 7 !’ y® 1 ' H Jonathan •*. Brad lay 

■ iaiailn *4L leal ora for tho xoot-aaan-iquara (roe) 

“ d •"*>»«*4.b| alaulatlon for 
*5? 4a*laxtora ara used to teat, uaa of 

- priori hdloelty. laforaatloo In . E,l.,n“ t ,» 
rlaprarlmt on tha tjaa aatluraaJnta. Parqaatarn variad 


HUHhoad aitiuotor li .b^UN W.Mk»“! 
priori l.fdraatioa I* rathtlyaly ,.oV h ut J 
, taa,t-aaqa-Muin uttm.ii,, 4. u..iu . 1 1 




A charac Lariat le o( aalt domaa la toat an . [, 

flux ia aaaociatad with thaa, dua to tho I 

thermal conduct iTlty ba twain rock 1*11 
■od iaaotary formation,. Ha prmaaot a afapl* ■" J lt j { 1 
model of boat flaw In tha vicinity of an la*‘ 
dona , with nuanrleal avaluatlona (or inma a**? ^ dal* 

In add i toa ta on anhancad aurfaca boat EiO*i » , g| , a 

ahow that on tha uppar Eloaka of ■ •* ‘ -lictad, 
teaparatura higher tbau the ra|lan*l Win* »■ ' hl , (n 
thua eohaoc lag hydrocarbon saturation at *“■ ral (oo<l 
the lower f tanka a teaparatura lowar tbao tna • 
trand (a pradiotad, thua lablbitlng oraramtor gge 

aagnltuda af thla taapaeatura aooaaly dapeo* ^ 

position or tha aaaiureaant point, both » (( |i 

radial, rilativa to tha aalt doaaj roughly •F« , “ , >hs 

oonfioaq to within ono ualt dome 1 ,i» ««• 1 

SuU-Mdiaant loturfaoo. Th# m.|Oltude of **■ 
bo quite largo Tor typical aalt doaia- abi«r*(*l 

Thai* baalo {data are oarroboreted tty g D gf e« ■ 
downhole maaiuraaanta from a malt 4oal *■ -, w g th*' • 
Maxico, The good airooaant al loV* ui ip ... (l | |5 
height of that particular 'doao at batwa*o T t*t»l 
ODD a, and also paralta ua te daturaln* 8 * - ll 

aadiaunt thlehnaaa overlying tho baaal ■ — • ■ 

200 and 19 200 a at tba location of tha •V*/r, i it k*?- 
■ Thais raaulta Indicate that the yroaaao* * - hgyr fl«* ' ; 
c»q tin a algoifleant impact on tha a (i | 

taapaeatura dlacrlbutioo and, ; i M rB6 ki f* 
tharaochoaleal aaturatioo of any ,B *”" eall, • 
hydrocarbon aceuaulitlana I* eloai irudtarsa, » '■ 

dOM, In addition to ptbvldlflg ttapplol , |*f ,. 

aalt dona .alio . prOvidia an anbanoad a" v ' , B d fef- . 
hydrocarbon saturation on l(a FF** r mij-ts, 
inhibiting ovsruaturat ton on ltd l 0,,,r instfat *** ' 
offocta should bo included *haa **A 
bydiecstboo potential of .a salt "deaf .* ; ' v 
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Drirt Wave InitablllllM InnH^p Multrapece, Platma (Paper 4A0849) WAL Ip 8843 raBle""* 
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Tracing (Paper 4A 8004| ^ W " Narmal An ^ a Three-Dimenriontl Ray 
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High-Energy Proton Drill Echoei: Multiple Peak Structure (Paper 4A0S72) £ NUUtn 
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Eanhwanl Directed Hlgh-Denahy Birkel.od Current, Observed by HILAT (Paper 4A086?" C ^ ^ ^ 
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3170 Isaw and lea 

OF MEUVATM 

WITHIN A SNOW COVER 2. A SIHULATIOH KG DEL 
P. Ksrah (national Hydrology Baaeareh Inatliuta, 
a^d , K?E^W■M C ““ d,, 0t “'"' 0nCarl °' Canada, X 1 A <B7) 
thi da v« loped able! Incorporatas 

wttr™^ 5™ , l0 “ " thl ‘b* 41 "* - 4 »* Di 

wttlBg front, lea layer growth wlthls and a* tha 

haao of Lho inn cover, and aal tvs tax Infiltration 
uodmrlyln* froian aolla. Th. medal raaulta 
daaonalratad ebst ic* layer* grow rapidly over a 2 t 
to 36 hour ported due to the conduction of heal Into 
tho anou sod underlying toll. Eulflelortt water U 

aid !! '“ *! y,r * alm ‘b* ring., woulng front 
«d to aerount to r the tepid ,nw and noil worming, 
watting franc advance aed lea layer growth warn Found 
to bo isnaltlva to anow temperature, thermal 
conductivity , vuloua of flow In th. flng.ra, and 

.II! ioe l! ,€ SIwilatlou of a warm 

anov „vn, ihov , d tfc.t with r.due.d lea layer growth, 
b\ v f ‘ W J 1 **** 1 * ware abl. eo rapidly eranaatt water 

« ."^.•STa 6 : foro lh0 " t,r » mw cover 
tfc a Aacttc eltuaclon tha aoll wan 
auirtclantly cold to enture baaal lea growth 
throughout the malt period. Basal lea growth wa. 

tta ,,n : l * l «“ ,atl infiltration, length ml 

too growing porlod and Cha auawmalt rate. Ai a 

Il'nll V m '° a h »*‘ ell maltwat.r 

I.I i ll ? bU ,£>r n, ™* rr un*U Lori the liquid and 

, t,Umna lh * ,nd Bo1 ' h "< b*«" 
v8t "° 8 ,roni ' “■ 


Hat ax Baaour. Rea., Paper 4H1050. 


Msgneioiphere (Paper 4A0946I 


s -^r vlf 

“TJ i ’"K“ SS, Pr “ il "“ ,to " “™ “ VLF/UF S.,n.l n™™ J N """ “* *■ — 

■»B From Pu.m, IS— »rtl. Dm „ . «SS 

0. -X*l, I Aimoipheric Band Nighl Air, law Mciirwarmj rbc Nonhwn Poit'c.;, Rr^ 1 '’ 

»|h, Al— OH Ml Bind — T—„,™ ., P„V„ ^iJ^^SSS, C 1 M S J ’ ***> 
fnmvriiui u,_ H - K - Mynbp, C. J. Remtii, G. G. Sttjer, and C. S. Dtehr 

c G Madonna n"w 0 f U n for Em ‘ 8 h1c Eroiion of the ley SoieUliei of Saturn' by L J. Lanzeroti! 

f*iSSTiiSSr ,r RJohOMn 'LA B -r«on.CT.Rdmonn.J.W.aaneit.«d ^ ^ 

Correc.lt* to 'Turbulence Anolyria of the Jovian Upilream 'Wave' Phenomenon' (Paper 4A0843J 

Correction lo “Urae AmnliruHa uun tu Me , hyn L Go,dt, eln. William H. Matthans. and Adolfo V. Vikas 

Large Amplitude MHD Waves Upnrcani of the Jovian Bow Shock* (Paper 4AQ844) 

Correction to "Influcnm jsai g . n , . ^ GMsteln. Charles W. Smlth,emd WlUlom H. Mottharul 

Kenneth ^Ku^pIS^aS 00 lono, « ,heric v «ri«billty- by Michael Mondilkr ted 

Deomagnetfc and Sobr Data (Paper 4AI 1221 


Aothor Index 
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SpMT l iSS , x a LJS a ! l,u Techniques 
k pTfeiSin m S0LAR eo-ipses 

■«fd.rd SniS F, 1 l s! B V n “" ,e * 8M"Ch, cod* 921 , NASA 
N.R. Haiti C F ® ht C0nt8r ' O^nnlwlt, » 20771) and 

l4mTuE|I|£ i hB *!S ** the mO0n •* by UlB 

at u, 1 CIn f ffe , et th * or ** 1 ** 1 iBHlwJor axil 

prasilra aetV^l r i l8vo1, Tha •"•banad ridlatton 
rtv KJs'SJ’"?, Ldfloo. parturhi the orbit dlffarantly 
‘•9 tole.a.^ f , Un *« n l*Vwt- TTil* dlfferanc. amoun- 
ts » a?ifni5l" r i l 1n t " B se»l«Jor axis af H of 
1 W 6 and tho Vnrt °* p B r l ahead between liunch In 

tte aeflpta ,l Ml 17 ■* m for 

«t IS Dicvnhar fmFniS* and "'l m for thfl flnB 
rat* larmT nnLik ® 2 ; »uch a* than gane- 

vhtl» to W l^ui h •Sr^ errorl 10 Mk> 11 «rth- 

Uon rarm w' Fy ,n orbit ditaralni- 

Ecl 1 ptS 9 camUt^I DE0DVN which Intaflrita tha arblt. 
ttofli in ' n 0 ^,! 4lB th ,* Partly urraudelad varla- 

)®la»Jor axis),* 10 B * ' «‘*r aeltptai, 

J. Osephya. Boa.," B. Paper 4B5054. 

»«d < a H Jd h ^ c ? L r 4r ‘?~ BtCB th * « r « lt y potent lal 
SIASAT XI.TiSiL t ; Vlt7 •woaallaa) 

W*Ul4TloE [ ' 0HTB ATtAHne 080 ID, AHD 

F. ^ SBIRBOMR fiUBSATZLUrS PB0Pri£6 

‘dhorttory KUIalon, Navel Haae.reh 

f. U. ran' DC 29WS-M00), B. Zondak, 

Kirth At lent L n , valuac Un ° f Mold snomallaa over tha 
Mo u 300 km) *^ ch •■Phaola on Shore 

r»d,r .ltt,Tr' , Ua4t b ™4ul.clona mapped by 3EASAT 

U DO- 3000 km) « ^° 0a MB0 ^ “b 4 lBt *™*41«* 

cruatat undalatlooi cone train eub- 

01 ‘broo seasat" * ni briefly revlewd. Portions 
bf ‘««Heg 9109 km war. followed 

‘"Mgrsphy nM JTr*’"* 1 irBvl ‘Y. oagnotloa. 

r *fi*et Ion dl?, , 800 ulao salaalo 

to oltta?er‘ , y.* r0l “ d " t " ,th d "“ ,or 
‘b« Prsvlnui^^*^ ,dt b ** ot4 (* 1*,14 uxpaualon) ahowa 


Helen L Cqfftf 


"” Bl " 1 “Mnatlc ilEUiture flOnT 1110 5am ■ r " 5 *««> 

«Jn a ra kranidary In an rMn “VW'CE AND FREEZING OF HELTVATEft 

l b !^ nLl *°' ‘b* XKSST f ™ * S '™ “ raB *' IH ^ C " MB1A " 

of 3 simSml", * tj, “' “ Uh * “Bnutlaatlon g" ^ 1 ” h < N «lona! Hydro Log, gmu**reh luatltut*. 

5- ■. ss?a ™ * «>—■ 

SSS’j.rssi-isssr-du. 

J o«inh« s . . Ioe*roetl(m of tha waltlag front with ntratlgraphle 

J. Gupbya, Baa. , B, Papar 4BII70. horluona. Field oba.rv.t Ion, .bowed that mlin S« 

uotting front reached pxemalt atret igrephlc horlxoaa. 

variation. „ d sajra^s'srjs.'sjs: 'Sri;., 
» iss" ™» 

J. Huyox ilnatltut (Ur flannhvaik dn, ,h,. _ J* 1 * impadlng horlmns wtiore is fxoxe ta form lea 

cattinson, Henborger Landatr. 180, liaO QOttl'noon llrant 'hoIT^! 1 ^° ,N “ 3 ° r ■°“ rc “ at 

Fad. Rap, of Gormatiy) , j,-ii. Hu f ol . „ « iIIk l * l,M * ® e *"" S vlf Fin aha snow cover and they 

onri A. Halui "* " Uf0n ' *■ Si °b»rt -or. r.apon.lbl. for rh. warming of the .now 1m, 

Eatell Lte ataqnotlc anomaly charts xrn H-m. uncariytng loll. Thaaa continuous lea layers, grew 

from tho naoauremonu hy eubtrnotJnn I alahil “ b ' ,UDd * rlo ‘- "ueauao of thla 

field modol rogardod «a ropruiontatliro n ^ f!" Mj! r ll * wiling tram advance was 

ooro (laid, of tor removal St tha ok*™? t “-arrive I o, mullw.ior at tho snr.w 

offeota. Tho f laid modal oonuriSoS *"* d»l»vod. Duw to <, ca u 

haemonio teems of tho Intornaf 1 "?^? 1 ^ £ J 1 ” 1 ?h« ! " , M" n » h<, ! c f,u * the , n n W futo 

aorta in dejroa n. say n- 13 . Honco tho La™« u w "“ ,n " ot ,ho »»“- -^r and 

•oolo oonatuuonts of the cruatal field hi .'i! IT" ; ,,ar .“ | a anow I. laoeharmxl m 0 »e 

remvod from Uio anoiwly “rhi if, ? l 5° ^ J 1 " »* noil lofllte.elnn and rh. 

magnetic (lold of a glo^l mannetii.rTi i^ ?* 1 a 6,,,al ,ca lmy "- 

iBakteo’ia^ ’ * c , ruat 8lvo « ^ 1 ltJnc - ,co layora ' *-““»• 

lamt o H d -F ™u"“i.ld r Srt l 8« t Sf , Sh? lt UatD ‘ ’ , °“ Ur ' " D “- ' P ‘ p " 

iKraSJ®’ KS - MF, VH3ATD„AT, ,NK ,TH 

corroloted with the depth of the Hoho? .Xaloew *l*n*W 

tho aamo cone 1 union is drawn with respect to the* ^ hJ 'T ln P '"‘ ■ l,| *t- >, *“ ^tviy incur, .. w ,w i. 

aatual oruitnl f told. Th ta result accountancy^ , ‘. 1 ‘ • ■•or.cct I >.- u t Avs. wv , Vsehln-n-.n. pr ,'OC.jM 

th »* in .tho aatolllto charts the oof- t,vl 15 ■>.") r.u/,r. 

1 J«rg In* are not very wall teflectud red. tore swwc-ent In trep unnsiurute] tone* nl otcii]. 

If ?hf In bl “i COr J“ :tl0na thereforn. roqulred 'i' 1 ‘ l u r v ur J r ner.er.t '.| .„ Fir 

tho ly c b“r tB intended to dlnploy invc-n bj u.o 6»vil.tmt vru-llont. ntn tor;- n-j». 

crCotf? 1 !.^!! 8481 f , l ? ld ' llta 9"«ic anonallual re -here", ihwre win b- „ livr.wnr t rt-.v :r ll lu |.] water 

crustal Hold, aatolllto ahartn) . •-■quAL lv lh* u|wor-L -..for fi-j.. Vnls win Pr --.hito % 

l-r-vril* of •uvtl’.n pwieallat .wrsnn .lepth quail tat lv«l/ 
I. Gaepbys. ha.. B. Fapsr LB1I7I. stellar to Ihot F.fmtl tr r«<hsr,c I; r »: nocttplt:^. 

■:-r.SF.-|uvniiy , ihn e>tiL*nev "i a regie r or ,jnli ,rr. 

it « * pe-ienilst 1, r,.;t in U,rlf evJJoncc .r recharge. 

* OJ Hsivr Fiivur . Res., Papar 

1U0 Eras lan sad ssdinenuilnn , 

SEDIMENT FBODl'CTIOM FPOM F0RE5T ROAD SURFACES V-1,, ' r '•' lnl,,v »Scdlm>nl -wjt.-p tnurljral 

1. M. Rstd aod T. Dunns (Dept. Csologinl Sclaocn. *!. ff S( ? ,l ' n ' S M,n ‘‘rHFAIHEU SEDl.NUr - Pj„ J 

AJ-20, Italvsrs^y or Vashlngtan, Seatrle. H*. , 8mi I ° f CM,C! ‘ * Vr ' TRAKSfOBI 

Broaion on rag 1. an tapor.sn. .cures of fine- . , 

grAliurd iviliVinr * . ..r lCl § |. „ ( j i , . . t >nna t h Brncalfl Itt S. 47o.-<!i<ff I c J | jurvpv, 

zha Pacific hrLhassi. ;„ n „t, rams arrt scdhLni tan- ‘ 11 ' 1 j J ";' 1 ; ' 

T tan r “ d lublaci » s vart.tv '.'.’l ',‘uV*L'‘ ‘"F* f - Jui-=a... 

ol traffic levels -era oonliorH to nraduca ssdlment * *' V 

rating curve, and unit hvdrographa for different us, Inject ten was pwitorrci co ee»dv the 

lava Is aod typss or surlacas. Thaae rsUiIanshtps era 1! ° { *' salutes under conJItl.vn. of 

cambfned with a continuous rainfall nurd to cilculatn * l *niricsnr tnieractlcn vlih at reached aed Ironrs In a 

Boon annual sad Imam ylelda from road asgmants or each m>untaln pool-*nd-rtffle ftreai. I .per [rant* u.re 

uaa lml. A heavily uaad road avgunt in th* field conducted In Little Lost Jton Creel, thoboldt Cuunty. 

seal cone r I butts 110 time* a* much eadtaamt sa an -allfornla. In a period of law (low -luring which onlv 4 

abandoned raad. A pavad road sagmant, along which cut- th* bankful 1 channel held auclsc surface ( U-v ] 

slopes and dltchea are tba only sources of sediment injection of chloride and lavsral trace cat Ians laaied 

ylelda lass thu 12 aa much ssdlmant as a hoavUy nsod 5T‘ V 4ays. In this raport we dlacuas iha incut r, of ir 

read with a gravel surfaea. (Road- Our f oca erosion f ‘T ‘“"tv- lour hour, a! the Inject loo and gurvev th. 

road runafr, f aria try practical), results of the first ran daya. Solute-srreasbvd 

Interact Iona of two tapes wars ebsarved. Flrai, the 

Hater Baaour. Baa., Paper 4W0944. physical transport of the conaarvatlva tracer, chloride 


underlying loll. There continuous lea layers, grew 
only at stratigraphic boundaries. Bacausu ,»f this 
B™«i»i, ihe wotting rront advance waa 
ro tardad and tha arrival of mullwaior at the anow 
cover bnac wa. algniflcnntly delayed, Duw to a cold 
*“» , ‘F“ n * hD “ f«u« from the enow Into 
lho aoll delays the warming c-» lho snow co*or and 
limits runoff after the anow la IsotharmiL at 0<>e 
hy the rafreoaing of .oil Infiltration and th. 
davlDpcent of a basal fee layer, {snow covor, 

“ailing Irons, lea layoro, Arctic). 

wator Roeour. Rds. , Paper Ml 1'MN, 

1175 Coll ra I 5 Lijra 

A '•ONCFJniAI. KOCrEI, '■[ PErT VH3ATUHAT r.CrtE i WITH 

Rk'TLMULL Rl'TlUK'lf 

Ponjuln R-.es U-Up..sui Jnteiy Incur,. .rMw l, 

1711 ■■--■Bncct I cut A.v, . HV, Vsahln.Tlvn, pr .'00 It. ) 

-hen ovt rechur.-c Is ton thou atmt >>.■•] r_u/,r, 
it 'i.Lur* =.-»creri>. in , e cp unasturd'ed toric* nt uteul, 
oi' 1 '.e win to -i'Clnwlcd by upward r nener.t ,-„ric 
driven f} '.ho coL-it.crrit eru-llont. kiln tort- n-n. 
rn •h<»r C a 1 'hoe* will b v tjvr.vnr 1 fl*.w ct ll-iuid wulor 
•-■quAl lv lh- ufvar -1 -,s f or fl-j.. Tnls will pr -..|, lia , 
pr^i'lio M suction puitnual ,.ti« .lep'-h quMith-.lvaijr 
9 lct lnr to ihot v|eci«-t ir rcchsr,* Ic rns t»ctlrll.;-, 
'.■••r.,'.-|u«illi , u,a e>t sL-nco a r oiler -:-r unit ,rr. 
pot enlist 1 , r..;t in itself evlJoncc rechire-. 
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5oae goold Mnestlon, ars oblique to both Isochron A GAEDI-AMPT IDDEL OF INFILTRATION IN A CRACIED SOIL 

■nd F.Z. trends i oaat of the Puerto Rico Trench such , : ,eo, J ■■ »vM»on (CS1F0 Division of Hirers L Physics, 

menu Haa osy raflact c onpra aa lonal do fo rail Ion with- * elMrcfl Lsboritoriea, Luca* HelghLa, 

In Atlantic llthoaphnra. (Radar slMnatry, ahipborna "'tu*' ' , H ' Au,tral *aj. 

graeUp, North Atlantic „ .-floor topography). *"* BDtlon ° r th* welling front In a iwo-diasaslcnsl 

Graen-Aopr sod, I or Infiltration into ■ toll containing 
J. Gaophya. R.S., B, Paper 4g||73. regularly spired water filled vertical crsctl u traced 

uilng a iKapviaa numerJcat procadure which programs tva l y 

*9 J0 Bigh-urdir harmonics ef lha gravity poranlial field " ln ‘* ,r * 1 *quatlon for lha velocity al paint* 

and local gravity aneaitiaa tb * *y° n ‘ al st *P' Initially, the calculated 

IH£ FRINCIFLE OF C0HFUX fWMpXKT aCALI03-APM.ICAin.ITT ■* »*■ *»«* 

IB ITOLIKD CfflmmATIDS OF POTENTIAL FIEUS dlelniihaj both with tlma and os moliture potential 

B. Hagamdr* (Dipt, of Biophyltcs and Contra or jeMma* more nsgatlva. The shape of the front la 
laplorst ton fiaaphysies, Onssii On i varsity, Bydsrsbad SOD .rTrjT"!" 1 , P“ jE lJ d, P Ul ™li» until the lnter- 

007, India) H. L.amlearaysni ^ ll0n ,° f “K* 4 “»!“•* «*naling from adjacent cracks. 

A ramsrksbie property ef Faariar trsoafon*. aapaelall* , '!“T r “ d h^er 

applies Iba ta laellaad eanMnuatioa nf patsntlaf 1 ii* 1 \ *««* r ). relative to the 

geephys ica 1 fields, l, the principle af "oenplax ? , “f 1 "! “H" Mireislag crack spicing and Incraas- 
frequsney seal lag, 11 Briefly stated, let fM bs tha ^ n f!?,“?^ tlV, “‘f 1 ”* «*«"«*■>. (Grwn-Aspt, 

(grsvlcy/aagnetlc) field due te a cao-dia.a. tana I cracks). 

■tructura along a principal profile and fM ba ita „ „ „ __ 

Faariar tr an, form. The flald along a pro rill pall lag l, " l “ B,,our - 8,1 ■■ ^F" 4V1016. 

through thu ism rtfsrtncs erlgfa and ti Had by in angle 
4 fn the count, re loclcvias dlreetfen (*X te -2} la OroundHSler 

obtained by fnvnria Feerfer Iran, forming Pja exp (-<4)1 4 UIHTCSIfMTlON OF IW AN4L1TICAI SOLUIION FOR ORAH- 

for positive u. *0W DISTRHUIIOH IN A F1NI1E CONFINED AQUIFCR 

Tho complex seal ing property asd proof of tba result log D*g (Civil Enqinetrlng Onparlmtnl, Unlvar- 

apaee-fraquuBcy domain ralaiienanip era praaantad, *'J>f Rlwdnila-rillmukti, NUwtabat, IfitCMiln, 93201) 
(ntreduclng tba total flald sj the analytic slgaal of tbs . rinlle aqulfar 1 * «n dqaifsr In which drawdown varl- 
horltental cempasaot. Iba applicability of the coaplsr dtlont rtflccl the Influence of the eitarlor boundary, 
■eallag pHulplt la lHuairAlid bj conitdirLni aelaetati USB of Ltplact lflf 1 Sfow a tha tranileat sola- 

geometric model!. This principle can ba advantageously l‘°* f° r draudmn dillrlbntleai In a flails cwiftntd 
applied for ceitiasatiea ef toa-dlmanilenal puteatlsl RQBliRr ■Brroi*4»d by ceftiUni-htid boundary It raln- 


Pravlousi. fc-JL. I 1 ”‘ 14 axpaealon) shave 

•"4 ■ lira.- J..I™ lou wor tha western Atlantic 
*"> *Usnt In *vL . ““'Lh of Iceland to the aaat- 

***lduii neon “ ta ‘* rt l«**-«*valangth geoid, tha 

0n '“«‘e nruSt , J 1 * ”• X*" 1 ) -»** 

•Md sttps. * i , “^ D '! fracture ranis sppasr aa 
**7 raritcr th * hl * h ever the K*rmuds Rlaa. 

Plat* 4 D.JQ rejuvanatlon crest ad vjthlo tha 

J® 6a “° ,d an »‘Ua,.nrpi 06 ll 7 + 10 to 

01 400 ■“■ , F“ 4 b » high- peas 

^‘Mng, qS •J‘>*8-traok filtering and 

nAUT s.r,|j rtle * 1 4« fleet ion eonputad from 
isfl.'tit, ea, ^. r " " U 8A.a4 on 

‘•F* fer . hiahaT'r- Shl P bor “ fr*»-alr gravity, «a- 
*4th gagu outoff, cor rat sees elqaa- 

J**P*IPU eontrlh^i 11 ""^ “■* auamuunta , tha 

*"* u Pagttphy 60 Mold aumsllaa la frsetura 

?!f* r ■■VoU u 1 . mi0t aBi “«* " l “' 

l?*®* end gig. ‘ , “Ians, particularly bitwaap the. 

*4 H1H tfend of at , th * a* 1 * t» annmkly 

” *• alisn- ■ butwxiq pnomaly 21 and 

*•«<« o 4 r Lu th# A ‘‘ tea try, a* 14 th. 

vr^ fast . D ^^ur 0 ^ ,ta,:8 ‘ W, " 00th has amine 

« blghif rlhboos, 30-1 JO ka 

• ar lo, *f Mold parallel F.Z. trand*. - 


ffaldi ante inclined pianos. 

CEOPirorcs, vrn.. 49 , no. 11 

1939 Relations of gravity obaarvatlDiu to tecconica 
and faoataay 

RE8QIDAL GSOID AROMA Ll ts TR ATLANTIC OCEAN BASIN I 

RHjtnoSSHIP TO MANTLE PL&C 

C. luwln (Daparcmaat of Deelugy and Giophysios, 

Heed* Hale 0 c««do graphic Institution. Woods Hot a, 
Haaaacbuaatts ■ 02543), G- Thna>,m and J.D. Schilling 
Tbs rslacfeui ef Isold data from radar oltiamtar 
mnasurammta (GfOS-3) to ualec depth and gaochwlcal 
variations along tha Hld-Aclaqtlc ridge aca Invaatl- ' 
git ad. Eight geophysical Ilnas sc rose tha ridge In 
tha Atlantic Ocean ware cosstnetad approximately . 
eermol to tha local rUga trend. Slopes nr gaafd par 
Ulema tay or topographic rellaf show on sayMtry 
between tha two aldni of chs ridge chit gtnsrxlly la 
net Hatched by topography, which has batter syamatry 
bet-son the two flanks. Subtracting a regional . 
flald, baaad on previous Work, produces residual 
geoid anomalies whnse source mist be lu the earth's 
outer 600 U, The rei)dq«l gap Id anomallu* of tha 
North Atlantic ahuv atrlklng tercalarlen with, the 
axis af tha Kld-Aclantlc ridge, but thuya In tha 
South Atlantic do net: Inataad, major positive ra- 

.{dual goold anemallaa appear brer th* Rio Grands 
and ValvJa Ridge*. Decornlnat ten or elopo. S. resi- 
dua] gaeld par afltiea years crustal age, reveal* 
that 8 Increases with greater raaldual gaeld' Onoonly . 
and with higher. (ahrliOwdO craaiol yidg* topography-. 
Tba slops ef 22 cmfRyt wait of tht Aaara* high (near 
38*H) auggasrn chat cha annmslhaslylhlgh oraatal ra- 
nt duel geoid and depth anomalies “AT not be enrira- 

■ ly pf thermal. origin! Which nay normally P™**? 
plnpaa odly.af ebout-ft .cx/HyF ■■ foiaid near 28 H 

■ away Iraq shallow ridge' topography. To 4*™' ,or . 
this difforrneo la Slepes slaply by a varlqtlee la 

'nsnila re^srstgra would reqoix* a dirfecenea of 
about 940*0 be twain the two site*, whleh eppsera sx- 
csislva. Also, the 4eerdaae lq topographic halghc • 


■Men* reflect the Influence of the eiterlor boundary. 
By *ek log uie ef Llplece transform, the tranileat xela- 
Lloi far drewdwn dtilrlbutlaai In a Molts confined 


veil (gated. Die development ef the lolutton his Fact 11- 
ULed by uitag tbe available steady state solution for 
drawdown distributions in a leiky irtltUs eqnifsr ullh 
constant loakege. Iht lolullos obtained comist* of the 
Thai* solution and ether r end Hons which art reiponilfali 
lor Ihe Influence ef the exterior boundary. Kethed* of 
evaluating the lelatloe are given end results ere pre- 
sented 111 type curves. A time criterion is dltermleed 
approximating tbe duration during whlcb u Ideal Writer 
fl.e., Ihe iqeller Is hemagextHS, Isotropic a id of Ml- 
ferm thlclnus) can properly be anilyied IS an Inflalte 
one. This relationship Interrelates time with the given 
hydrogeological proper ties. 

Hater Rageur, See-, Paper 4UI044. 

Jiao moll sad atreaarlew 

■HHLtin PMiimca u nmuottUL tih nsica 

tuitra FuenoNAL Dirrtmxcirs 

1.1.8. Hoaklni (ISetltute af Bydralegy, Tslllpgferd, 

Oxeo, OllD <08, gaglsnd) 

TOs els,, ef sutoreiVaialve lalegrsted meriag- 
sverega (ARIH) tli*-fsrlei oodsls osy be generalised 
by paralleled Iba degree of dlffarasalrig 4 le libs 
fraatloapl valae*. Bedels Inn India g fraetiraal 
dlffareeelag are oopobla af rspnaaetleg paraiatspl 
■arias (d>0) nr akart-naaoiy serial (44). Tba aisle 
Of froatleatily dlffaraqead AIIMA precasst* prayldas 
a aera iiaxlbfa *sy tbaa baa hitbarte baan a rail able 
nf sinullaaianaly aedalllag the leag-tara end abort - 
tsra bibayleur ti l Lima atrloa. In laia papar name 
fuadamratal prepart Ua of fraatlraslly dl/fsrMcad 
ARINA procaaisi ara pnaaatad. Nathada of alnulatlag 
tbaaa pieoasaac era daaaribsd. Ultutlu nf iba 

paramatara nf fractionally dliferencad lgllA aedaU 

la diaeuaaad ml u (pprealaxte asaiaum-Ukalthnod 

■atbed la prapeatd. »■ asm ado logy la ll]utrp(ai 

by fittlag fraHlraallyi dlffsraamd medals le lima 
Sanaa af atrasaflen and anausl teapors tans. 

(AxlHA model, atnpmflev, tlaa .arts,). 

tfeiar geaoue. Rea., Paper 4HII4B. 


)!80 Haler '.vinliav tSedlndni -wjt.-r Cnurljevi 

so,l ' nrs AHn «rre*iiEB scbiiiuir - p,„ , . 

IN I " rAr,0;1 * ,f> ”"**** 

i'ennach E. Srncal, (» S. Cor.|,i B lrj| Survey. 

'■ 'I 'tlrll,: l -..'.VS, W dll J.. p J|r A 

• ■ ’"rel', 'iury u. lollvwger. Alan P. j*.-.,,,. 

■in-J HuiiJlJ |, V.‘|rb£lni3 

*" eyperlr^nt ,il Inject K-r, P viforr e .1 co study the 
l ran* port of atruarmier solute* under conditions ,jf 
■tgniricsnc im ersci Ion vlih aTraachod sedlronrs in 4 
mountain ( 0 »l-and-rlf f lr ltraa-i. I -^r [rvuci w«r* 
conducted In LUt le l.oet JUn Creek, lludholdi Cuumr. 

Lal Ifornli, In a period of 1 — (low luring which only 4 
pare of th, banlcfull <har,nol held active surface live Him 
injection Of eh lari dr and lavaral iracmcsilons leitrd 
twantv days. In ihla raport we dlacuas tha results of tho 
flrui twenty-four hours oi the injection and aurv.v the 
results of th* first isn days. Solutv-srressbvd 
Inrersctlona of two tvprs vara ebsarved. Flrai, the 
phyalca L transport of the conaarvatlva [racer, chloride, 
waa at Terr -J by Intergiausl flew and scagnanl water 10 m 
crest sd by the bed relief. Second, tha ttenapori of tho 
ta i:?7V? tr ‘ ,n,, “ n ' e"4 ltchianl was appreciably 

codlliad by sorption onto atroasbed eodlsant- lo [ha 

■tream, cha readily observable canaaquenea ol th, aoluto- 

■ txasebsd Imaraci Iona waa an attanuatLon of rhs dlsaol.vd 
concant ration of each nf the tree era. Thn attenuation 
In tha aLraaa rhannal occurred cancurranl lv with the 
Storage | of rracera In lha nrraaabed Ufa both phyalrel and 
chemical procaaaaa. All rracara wars suhsaquaetly preaait 
in ahallcv walla dug aaveral natara froa [he vetted port of 
the chanral. Sad loan t isipln cullaetnd appioxlmatsly 
throe wants afear Cha etarr of cha lejacclon contained 
incroaaed can cancra clans ef th* Inject, d car Iona. 

(Streans, aerpt[c,n, mountain vatersbtdl . 

Hater Raaour. Rem., Papar 41II2GD. 

HTOOWBK KKaLYsJs flF ACIDIC AND AUALHE IAK£5 
C.H.Chen (Syitech Ena later I no, Inc. 1744 HL Diablo 
Blvd, Lafayette, Ca. 94549), S.A. Char Ini , H.E. Pctari, 

P.S. Hunfoch, R.H. Newton, and fi.A. fioldsteln 
uowli W Penthor Lakes In Ui* Adirondack Haunt* Ini 
of Naw York respond differently 10 tht ism* acidic 
deposition. A MlhbBtUcil model study bn >h 6 vn U<t 
laka wet or btcoaei acidic whan hydrologic conditions 
forte precipitation to flaw to the Takas as surfaea 
flaw or as lalaral Mow through tha shallow organic 
■oil horizon. Hydrographic data, capacity of flow 
through Inorganic soil horizons, runoff racasilon 
curvas, aod groiindwatar level fluctuation] of Hoods end 
Panther laka baa ins provide indaptadmt evldanca to 
support the thasfs that tha addle state of • laka 
daoaiula on tba oaths tha tributary water takas as 18 

C *” 8 * «wa*gh tha tarrestrla] system, it Is concluded 
hot Panthir Laka Is mars alkaline Uin Haods Laki, 
aacausa a larger proportion of tha pradpftatloa 
falling on thb basin panel through deeper miner a l toll 
horizons. (Map Flow, Shallow Flew, Laka Acidity). 

Debar Zaaeiir. Raa . , Tayar 4W1IT8. 

»99 Cenerul IteethatmU' Energy) 

IIS MDD , CAL IFDANIAi AlATUHOL BfAlt 

AM) EXPLOIlAflOH HDDCLIW STIDICS 

NO. LLppoenn (Carth Soidnma Diwulan, Lawrence Berkeley 
Libaralar), Berkeley CalSfarnta 94720! and D.S, Bodvataoam 
Uaing tu«*r Leal niwulallon taMiniqiMA . and an a *l- 
ayanalric aodel or tho IMwr geolhermol rield the nalwo) 
rP r !:” pl ^ ll ! l,Dn5 nr a»atem and lie rvaponsa In 
fluiil production are enalyrM. ihe result a ar the etudy 
indicatm theL lho Hebar geotnermal anamal) la auiUinnl fay 
lh* upriaw of hqL rater mtaugh O central zone of rela- 
tively high permeability, lha beat model euggeato thu xn 
hm * l * t “ lh0 so recharged it dopih hy ■ 15 

Hlft fFeferenco traparatutai 0*0 ronvrctlva hul sou tec. 
lho ex lot once nr an nxi-agnmolric famuljm pnMecn, 
lhbee ax I a coincides with the center of the hebor ainaalv 

*" r°‘ Jalln S. lhe 0 *Pl«»dUw» or the 
Gold, Urn generntlen rain le alloMdilo build 141 cnor a 
patted of 10 yonrai Iftir th«, 30 years of roimtmt pnrar 
product tm <■ aaeraad. Tull (iOO>) injection of the spml 
brsnae is connideredi the fluids being injected 2 f 50 m 
or OIU . (-f„ |nI*et?on-J r,li ihS 
CvnLcr .01 Un nktfii ■ lha itudi* ah a i n (hit ■ mnLmim n r 
6000 kqfm of mi-Lda I («ulir«lmL \o .Bpproc^aatrly 100 
b * P*” 4 " 118 ** /*F lha noai injacLlofi case but . 
onTy 3000 faj/af equivalent l n oppreslmolely 13 ft to,) rar 
®e. cp “' Th8 WWulU. indicate Ihet Uw 
poMlbla vklraction ritii (gMieriLlru cipkpttvl ire ’ 
genetal.. ‘..lira b, the pre.eute drop In Ita roewra'r? 

rami, a « r iltia '’ r “- u " ° r . lhe peodoeod auido will 
i .. n * ®“** *• Avar the 40-yher peried, (Numerical 

modeling, natural elate, general ing capacity). 

J. 0 Sophy*, la*., 11 , Paper 4B5(i58, 
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Meteorology 

3/50 H»0 in the At nos pin r? — 

iTASOJlSL VARIATION OF THE GLOBAL HATER BALANCE 

BASED OR AEADLOGICAL DATA ■■ *9 B 

FrmL Bryan (Geophysical Fluid [sranlcs Pregrin, K m H (Hit ] 

Princeton University, P.O. Bax 308, Princeton, M 

K.J., 08542} . Abraham Oort m. B If A 

Tho distribution of tweparailoii nlnus pradplu- V 

lion oier the glote and Ui tea ion* I variations are 
aitlsxted fren global atmospheric circulation 
statistics for the period Nay HM- April 197). 

Meridional profiles of evaporation minus 

pnclpltatlon over the Atlantic, Pacific, and Indian . 

Oceans, over all oceans combined, all cqntlninti hflltofj />) 1 K l‘i k W’ 

combined, .as wsll aa the total evaporation minus a_.ttaat.ti s . 

precipitation over each oceanic and continental 
region are ibowi. The Pacific Ocean Is found to 
have an excess of precipitation, and the Atlantic sn 
excess of evaporation throughout the year. Over the 

Indian Ocean precipitation exceeds evaporation i’fOIll JXlptM’M prtfVIOU.S, 

during Oecenter-Tebruary, idille evaporation weens . 1 ,, , 

precipitation during the rest of the year, and in VOlllHU? IS il COlltfCEIOIl 

the annual rein. file results are generally In 

qualitative agreement with previous estlaotoi Of the -T l-. nr „ /Jlvlrlw 

annual Man wrld »ater balance based on surfice Lllc | JUJ Jtrl .*» ,11c uniuei 

obsorvatloni. Oiare are larce quantitative i Annllr-irlrsn*; 

discrepancies, however, particularly In the .Hill AppilCsWltJllft. 

subtropics, A compart ion with the analysis of tno 

months of data Iran the FGSE period suggests that . — rt ir/1n n r . r 

the primary sourca of arror Ip our results Is AIm vAi\C.K\ UJ 

associated with spatial sampling deflc lenc lei In the . . . 

general circulation statistics. It appears that, in rtflCmlK lOf tllOSe With 
nany regions, Ute current ops rational rawlnnwde ” 

network la Inadequate to give reliable quantitative 
estimates of differentiated quantities, men as are 
required In computing the attraspherlc eater balance. 

J. Qeophye. Roe.. D, Pepuc *01 LSI. - — = — 

l-iircwnhi — H Gmjinvml anil R Rapp 

1170 Technique (Dry Uopoeltlnn Haenurxiwn E 1 
A PIELD IHTE1£«IPABIS0!J OP KtTBODS TCP THE HEASUREHZHT 
OP PARTICLE ADD CAS DRV DEPOSIT 1071 

D. A. Dal ska end D. V. Cat* (Til Inula Scat a Vicar fipnilotlr Theorv 

Survey , P.O. Boa 1010, Station A. Chetxpn l*n, IL 61820) 1 

Concurrent Beaxuronanca of the dry daprsliloo oF GuiH-k-'lll' SlllUtl Ll rl M C'S — F IlCK'Chiti 

eulfata, particulate aulfur, citrate. sulfur Jlnlda, 

oiono, sad nitric aeU Mie made during Sepiorher 19B1 Kiyctylll Allv.lllLO in llll! Th«lTV »lf llle l lO nil'll C 

and Juno 1982 at ■ olte near Chxepalgn, illlnata. Flun , ... . . ' ,, . 

do lamina cl oni ueta auulo by ul c ro-rnt earn log leal natlioda IhHIIHliliy • illllL* i flHlItfll — r .VMAWJ 

lach aa eddy correlation Bad cecveiitretlvn gradient/ 

radii lad Sevan ratio, an wall if by dapoulnlon 

accuaulatloa MthoJn, unlng lunoyaia aurfaca 

“i 1 !" 0 !:; Pveeasciinra free, u u.s. Geodetic RMlmailon Procedures 

and Canadian Inacltutlonm portlclpatad in (ha BLudy. 

Sulfatu and part leu la to aullur depnaltlon vilocUloH, G'.lSI'SilLUlro lilllll.l.llioil — H.MniltZ 
W un tha ordov of 0.1 en/a un found b< anveraL 

nethoda. Strung diurnal war las lone in yardclo V.f w«ro Opil|nl/:llh.|> ul Ck'lldvlll' NflWi »rks — < i SdWtltt 
uulvd, with nlglitt l EM valura nrxr »«ro and Jam™ VJ 1 

I'-'i In l-.H* >■ i*» 'in I rrejiular Arrays /•. Hn?t/vrhM 

good agree nrns. Daytlmu sulfur dloxtdu and nitric .Hill J -1/c VlllltllliS 

arid VJ of arviral c«i/n were obactvvd. auxguiling 

nrar-caro ngelntlui canopy rrilatnncu lo aa>* irnnn- (rl'IILTdli/LTl Nulllilll'.ir IllWrst* Prtlhlfllls SilhXtl 

th ”“ »“"• Wey det-esls 1 l ' n ■ a-tcre.a, ( l stll j, || ltf U-.LS, Scjll.lrcs iTilfril III - 

.1 Tmmitilti ;iml H Vukuv 

I. Oaophya. Rea., 9, Papur *011*6. 

1790 Inslrurgnts and lechnlques 

A C0HPAJ11S0H OF US AND USSR RlK«IT50Ml€S USING L1HS _ 

SATELLITE TEMPERATURE SOUNDING AS A TRANSFER STAIIDARD To lirder. Call Or Write 

J. C. 01 lie. P. L. Bailey and S. A. Bock (ruttanjl . , , 

Center for Atrospherlc Research*. Boulder, Colorado With VOUr order. 

Tecporiture soundings Iron rodetsondes used by the 
USSR hive hian compared Ca latperscura retrlirals i ...| 1 1 -: 

obtained In low. nlddle and high latitudes br ths Lite Aniericin Uviipli>.Hs..il Uni 
fnstrunent on lilrbus f. The rocket and satellite temper- f.T.ri.l, A.....,..., M W/ 

atures agree at low altitudes, but the rodel iwpereturas 1 “ 1,11,4 >'• « 

are about I « cool or nejr the stratopausa. There Is a Wj<>]li Ill'll Hi. [ X_' 2CV0 y 

tendency Tot ir« egreenant to become better in the raso- 
sphere, but there appear to be significant differences 
between day and nlgni comparisons. A day-night cor- 
rection cur. a fl derived, and the USSR comparisons 
converted to day conditions. A comparison between LIH5 
end US rocletsandes in tha sere tatftudo tends shows 

generally good tgrearent up to Ue stratopausa. hut above changing dam icy, a cylinder ship* 
that the US roc let temperatures tra warmer. Than, ullng beat «h»p« factor. (Floca, ucnar 
the LIH5 as a transfer standard, rocketsondos from the US 

and USSR are Intorcompsred. The differences are similar j. ceuphva. ha., C, Paper 4C1M6- 
in all enref latitude bands, but larger than those found ‘ 
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Edited by Erik W, Grafarend and Richard H. Rapp $23 

Fix, in papers previously published in AGU’s prestigious journal. Reviews of Geophysics and Space Physics, this 
volume Is ;i collection of 30 papers which are sharply focused on recent advances in solving geodetic problems. 
The pallet’s are divided into four sections: Geodetic Theory, Geodetic Estimation Procedures, Gravity Field, 
and Applications. 

ADVANCES IN GEODESY, a thoughtful examination of recent geodetic developments, is required 
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.iccepied 


In tilt previous (192/1 tnesreon pari eon. TNe differences 
dutemlncd In this Btudy should b» nor* representative, 
■Inca they represent b variety of locations end seasons, 
as well as standard operational procedures. (Rockets, 
satellites, tenperature, stratosphere. ) 


i ... . . . . ■ilven ins fine gcalo tumfSEaluto and lalinlly in 

Tbt National Center for Atnospnerlc Research Is sponsored ln actively c^nvacting ueiruhalina aeaircaaa, can 
qy Ihe Net lone l Science Foundation. u» avann «aiy viaconty be latintadi p. siscio 


changing daniliy. ■ cyllndar ohapa uaa Found lo b« tho she ehacl atructure. The Finite electron preaaura 

beet ahape l if tor. (Floca, ucaarlea, Battling velocity}, also leads la an a leciroatai Ic potential scroll the 

shock sa ■ (peered . The potential it rue cure la 

J. Caophva. Pax., C. Peper «I0M. local lead end • table at lo» AlTvAn each nuabar IH.-2), 

h.ii Fur higher me eh n.mbar (U.-4I I c la aao-loral and 
aucable. I* ell Iter esaa tha change to potential 
DLL lua Ion eoergy U aa the order of tha dounxicsoa alaetron 

N 'HICRKMULIHE SThin.^axc parallal thtraal anergy. Po»ei spectral enalyala of 

ipartEonc <s[ Oceanography, tha upstraan waves ahoui that they an right -hind 

r. Halifax . nova Scotia, Canada polar lead whlatlsia, phasa aland log la the shock 

frnaa. FBIucki, whlstlar prscursnra). 


4710 imtulsnce and DLf [union 

HOHEirniM ThxneK«r in tUEWOnALiuE aTAEif^axs 

Berry R. Buddlck |[«pxrtEent of Ocootography, 
tialhouala iJntvenity, Halifax, nova Scotia, Canada 
B3H 4J1 


I. Caapbya. Iu., b, Paper *01176. 

If M Btnerel IPIxnalary Hem) 

AN ASSESSMENT OF THERMAL, ll«, AW PLANETARY RAVE 
CHARMS IN THE MIDDLE AND LOWER ATMOSPHERE DUE TO THE 
ll-TEAJt U V FLUX VARIATIONS 
Ltnwood g. CellH (NASA Langley Rostirch Center, 
HeaptM. Virginia, 236SS). Jordan C. Alpert end Marvin 
A, Gal lor 

A 2-d1ocns<M(1 redfatln oqulllbrlua calculation Is 
used lo calculate ataoighirlc tasqiaraturo chinges dun 
to UV flux MrietlBni and dw associated ozone changes 
isiunod to be dvo to the 11-peer eoler cycle. Included 
era en upper Unit cose end flue variations suggested 
by Lean (118*) end Cook et il. (1980). Tenperature 
changes of up to 7*K end lenel wind changes of up to 
IS m/s were Found. The structure of pTinetery mm 
umbers 1 end 2 were celeuleted with a Timer quest- 
geos trophic aodtl end shown as e Function or latitude 
and altitude fro* the surface to 50 kw For the northern 
healsphtro qlnter. Naplliude changes doe to the solar 
cycle are coogared to the reference case and to the 
extreme Interennuel variability. Results suggest that 
tropospheric end tower stratospheric changes would be 
•■all and difficult to detect. Middle end upper 
stratospheric effects era significantly larger end 
effects shMld be discernible give a long enough 
sequence or aeteoro logical date. (UV var lability, II- 
yter tolar cycle, planetary wins, clfnata change), 

J. Ceaphya. Rea., b, Paper Willi. 


Oceanography 


*70! BounJxty layer end uxchoaga yr««Mt. Charaal and bydeageooue ■lucillxaclon uleh reepeec I 

MEUl-BEME.'nS OT B6BB1 IS IN A STATIONARY FIELD Of BREXRIFX « ru *V«l *Rp. Ihe hydrotharaxl activity hex bean sycll< 
UAVtS HI A UflB-BASEDSII^LI PAgriCLE SCAIHdSC TECHNIQUE mUl-aiago, and aplaodlc. Prior hlgh-tewperatui 
S. BilJy and K. IcuTguvl < Instil uc da KAcanlqu* Staiiiti- hydrothnnal muting atagoe ulch a periodicity of tl 
qua Je U Turbulanrr, KarxcilLc, rronco, iIDOfi. «dar of 1 x IO*y end ducatlea of tho order of 10 'y ei 

Ht'Jiueraaii of tha Air tuhhlca grnaraccj ty broollog dedased froo tho eatluetad ■*■■ of dletrexa lodlwantai 
w«-i at ■ uxlir-xiT intvifaev htvu bran fuIcuEid. Tho tafara xnaaxlauily a nr 1 chid la Ou, fa, lad in, ai 
unauroacnti uoi« Bade In ■ uknl-wetar channel tiling a cormepoad u|(h tha Independent ly datarolnid partodfeli 
■Ingle pxrcicls Ibubblel xrxuvrlne scchniqui. To <woi4 voleenSa aniptlvo oyclu on tha Kld-Atlxncle Rldgi 

She uaii.il irZnguliy In xhia icctxlgux about tha null recant aploada of btgh-taeparaidn venting 1 

ic.-don, an original nun>*riial prarvaoltig at iba ecdttcicd Lafarrad to haw eaeaad In tho recent pgxt besod i 

Inltnaltlt'a, taking jJvaDiage nf the lou particle (bubhiri enrlchotM (Cu, ft, In) In tho eurflclel eodlui 


the average odiy vtacoatey ha aatiutad) A sisplo 
Eudol fox r-LTinMn transport in such a ayitas ahowa 
tnac thu amagv dlaalpatlon and vlacnalty an ten- 
t rolled by tha ragtone Of high dissipation and Broil 
a-idy utacootcyi l.a., tha Intarfacaa. Tha nodal 
raaulta ara cczblnod with a cachanUtlc argunont For 
TC=ontua tcanapc-it accoaa tha UiLorfacas by convec- 
tion-! r Ivan istatMl vava a. Tha average add/ vl«- 
coalty for cm xtalrcaaa Ii about 40 J. /y , uhero 
J. la tha buxyahcy flu., and II tha buoyancy Fraquanry. 
ay dof InLtlon tha eddy diFFualvtcy or the acalrcaao 
L* an! lo tha turbulent P rand cl nunbar La 

tonal ant and ayual to -10, Tha duIbI pt idler tans ora 
conalstant uttn dl» I pat ton caaaurenonti In tha 
Bahai- as by La, con and Oragg (1SBJ1 and Imply add-/ 
vlicoaltloo of about WV/|. (Eddy viaroaLey, 
double dl fluxion, convactlon, Xaynolda atreas, 

Locainal wovaal 

i. Qaophyl. Las., C, Paper AC 1129- 
*799 (Bydrolhanal) 

RYDaanzuiu, xctitity at rat tag kthuhhekhal piblo, 
HID-ATLaHT IC I1DCE CREST AT 26'M 

P, A. Iona (KOM/AOHL, 4MI Rlckaobeckar Caueemy, 
Miami, Florida 1X149), fl. Thaapaon, H. J. Kuttl, J. A. 
Rarann, V. J. Janklna, D. Ciahoo, H. HiLlatti, X. Van 
Boom, and J. N. Uaond 

The licit xahnaralbla obiarvatlgno af tha inly 
Lneua act In auburlna hydratbaraal f laid m a alav- 
•pcaadlng ocaaale rldgi era locorporatad with naulce of 
tan prior paan or Invaitlgxtlon to dirtaa an undar- 
• tending of parladlclty, duration, and varying loCanilty 
of hydrotharaxl xoclvlty at the TAG Bydrotheroal Held 
do the Mid-Atlantic Ridge craat near latitude 26*11. 
H^ratheraol activity hie peralitad at thle location fnr 
»t Icaat I I 10*1 he XBd an tha dlitrlbution of hydro- 
thiroal end hydcagaoaui olnari Illation with reepact to 
emtil Igp. The hydra thermal activity hia been cyclic, 
Bull Lit ago, end apliodlc. Prior hlgh-Caaperatora 
hydrothermal mating atagoe with a parladlclty of the 
order of l i IO*y end duration of tha order of 10 ly era 
dedased I roe tho ait tut ad agn of die treta ladluntary 
layara xnaoelauily onrlchid la On, fa, end In, and 
cor raa pood uteb thg Lndapeadmt ly ditarelmd period lolly 
of volcanic iruptlva oyclu on the K14-Atlxnelc Ridge. 
The boil rteent aplooda of htgh-teaporaidn venting la 
Lafarrad te have eeeied In the raeent pgit baaed on 


vuluritii-i. »u used. Un bubble cr< neon ere cl an prohibi il- 
ls .U-nalty aa) xilli ivnel lofomltlonn, euch XI the crux- 
ling frequency, xrrlvil lira interval ur uxtluccd iperJ 
dlatributfi'Di, ere then dlierlly available. In ,7 m ixce- 
Jlotv vi-'lnlty oF Iba birxbipg wivoe, lilgli Minltllluu 
of 1"ibblcx hart obiorvrd. It.ar lOCfcapoiillng dlxtrlhutlan 
function hae no pcik la the tlla'sect-r range- (D-loaflli. Thtx 
dlaxrlbiillon cbxnxad ilgnillramly with ihu va.g agu. Tha 
BKliflcnil.io uf fht- latiut rxicuti-t helng obtained by 
(.nridctleg tx ihe i-nr hinj uswoa >{cnvratail br the wind 
line ali.nc Ini un Ilia other hind wavas produced by Che 
curulnltve rdacli of tbs uin-J xn.| n hiiuutir. Ihububblo 


Liyar. Low-tuparxtura hydrotharaal mating itagaa with 
x duration of tha ardor o( I i IO*y Intarvau botuixn 
the abort hlgt-tenpocelure itagei and produce it (at I Form 
dapoalci of loyated end air thy uxuganaix oxide, Eroo 
oi Ida, hydro, Ida end ellluce. BUelvo-Ilke Form with 
tn« entnett tilt lea of vtnt eliu to various itigu of 
dlnolutlon am Identic led oa bottom photographs. The 
fmh appeiriice of Intact lobules coepend of Iraq 
hydroxide that acted « vend oa iiUct dtpoolcs, con- 
duct Lve beet How moat Max | n the xadiexnL coluon, lad 
the tacard of cxeparatuia uonellee and autei Nila l a 
Che nosr-battSH wecor oolun, anggeet tbit tha lov- 


Curul»l1ve cl facia of tha uirj an.) n wawmlrr. Ihububblo lh * near -butts a water aolun, inggait that tha low- 
Ipuc.l and Ac civil llnu additional infoiroelaai xl lined to ttnpnietute bydrotbocwal dliclurgs Is LnUrmUCnnt et 
furthi-r notice high fluid ratinated vul.icliiax and Lu tnilwldoal vinta on • tin seels af pairs. 
ehoi.ikterlXR bubble cluetaix tn tliu vicinity n( breaking 

wires- Metlnellvo fvatuid n( eutailky p -urly rslstnl J. Oaophys. bn., B, Fspir *BI0]B. 
pruutc-Lis eppioxthus, MV ba trend in this Innas i git Inn. 

ilubhlcs, part Ic la nvASurrrtnts, bruakiog reveal - _ , , _ 

, r . , r „ ____ Particles and Fields — 

J. Ceuphye. Boa., C, Papa, iflCU. 


Particles and Fields — 
Interplanetary Space 


*7AO Kxtlmo gealogtcsl pcocxxiM (ioechxs, turbidity 
turronta, ■nllxmuMcu) 


91*0 Shock Vxrai 


umuun; iucbl thbir sin, settliho vcucin abd debsiiy Mrecrs of mcnuni ptissun oh quasi-paralul 

g. J. Cltlt (Center for OeLLeldU Gclsnes, Colloge ol COLLLBIOMUIS SHOCKS 


TUrlM Studies, Valvar ally of Delovoro, Koviik. HE. 197 1J) H, B. Kxsdt {Ceopfayefcel lest., U. of Alexb, 


Thm alis end settling vwloclty of f loci of auapended 
■xllotnU fro* the Chitapxeks Bey vxet msxxured In labora- 
tory experlMBU'ead In the Lipid. Tho cuvea botvsru 
floo diameter mod sett 1 log velocity showed a n cm -Stole's 
nlltioUblp thee wms boat daxerlbsd byi 
' Jertllmg velocity (cm/ane)?l- 73(f Loo dluttar, cm) 0-7 ®, 
furtharmore, (ha cm let! ooxb [p batvxaa floe diameter end 
mottling velocity Indicated thpe tha flee dxaolcy 
diaUMd U the floca log reax* d in sin. in addition ca 


fxlrbankx, Alxikx, 99J0I) ind J. I. kxg 

lh« •*f«c«x of e finite electros prixiura an quael- 
F ,, *l“l colllilealasB ihxdi an axomlud by Mans of 
sumorlcel HuUtlono. ihi slwlstlon Is parfoned 
using o nsB-parladlc, hybrid cods tn which tho ion 
dynamic! an fal lowed ■ tartly and the slice room ora 
trsmtid.u x mantles' fluid of finite ptsisura. Iks 
reaulte ol tks a In lit loo* show that tbo nlsetroo 
prsosurs slgOlflcsnkly lap rural tbs sUtloaarfry of 


I. Gaophys- Foi.. A, Paper XABI27. 

5MQ lolsrpleoatmiy Space (Shook Hares} 

ON IHE DISTRIBUTIOB Of 0, FOR SHOCKS IN T9 1 COLAS HIND 
Jlh K. Chao (Department of Umospnario Physios , Hot local 
Central UalversLly.Chung-Ll, Taiwan) end Tin H. Chan 
Freawntai at lha Cnapain Cooferenoa oa *Cul llelonieai 
Shook Haras la the Hal losphers" 

Ths dlstrlbwtloa of ths shook nornel snglse, 9^ oao 
bx oxlaulatod Tor all lha helloeen trio distances whan 
the distributions of If and I, era aval labia where Q. n le 
the eagle hilxstD the upstraan nagoetlo field B, and thi 
ooraal shook if. The overigi ahonk acres! IB aesuead to 
propagate approximately In the redial dlreotloa. 
However, tha distribution of the anglaa 8/&, hatwean tha 
shook Boreal ■ and radial direction in aaaused to (piles 

■ Hoy Leigh distribution. Tha distribution of B, le 
obtained by obaarvatlons by Koltna t, 2, loygger 1 and 
Pioneer <0 epiaeoreri. The dletributlon af sach 
oonpooent oC 3, la assumed to follow e Ssuslan. 

Our rsiulto show that avac wary oloea to tha mun, the 
probability of observation of parallal and qaaai- 
pmrallal ahooka la atlll aaallar oneperad to tha 
abaarvqtlon or qaaal-parpendloulnr and parpandloular 
■hooka. Tharafora, It la eoneludad that tha parallel 
and quea L-parallal ahoakm da not easily farm Lo ihe 
solmr wind bMeuxe of the fluctuating character of B, 
sad t end not beoauie af say other physical meahanlae. 

Tha observed distributions of Q. oslng Halloa l sod 2 

■ I hsUoaintrLa dlstanoes to tween 0.3 lo 0.9 AU, 0.5 to 
0.79 At) tad 0.79 to 1 .0 All sre ooepared with our 
aaloulalsd distributions. tho sgrauwnt la good, with 
tho BgrwsBiot at 0.75 to 1.0 AU being tha bast. Tha 
eoaporlaoa Is also mods with the raaulta from IHBE 3 
observations it I AD. Our nelomlxud distribution 
agrass very rail with thsww obsurvatlons. 

J. Oaophys- Res., A. Papar 4AII33. 

Particles and Fields— 
Ionosphere 

■MB Intirasuose kstviaa with sad pxrMcln 
VAIIABLE-ncjUDICT VIZ I10HALS IN THE HMHETOBPRERE; 
ABSDCIATED FRIMOMDiA AiO PUSH DIASR0STIC8 
C- R. Carina (Ipaci. Tilicoewinl tattoos aid Rtdlooolsaxs 
Laboratory. Blenford Ualrxrilty, Staxiord, CA B4S0S), R. 

A. Killlwall, sad D. L. carpiitir 

Cnbarait rtrlmbls-Friqoaas) xlguli (rxapi) iiuudlag 
iroo I to ■ IKx, lajiotad Ills tie ■sgeatospbara (roe 
Blple atattex, AnUrotloa (Lw4.3). exhibit appir sad 
louxr ontofts vtn raoilvid as tax oooJogxM itxtlaa, 
Robxrval. fliilxa. gxap grovp delay meaxursMate and 
lopoxphxrlo soesdlsg dais art ss«d for U* liras till to 
dxtiralni thx cold plain* dtxxlty sad L shall of tta* 
propxgsHoa path. Rxlatloaxhlpx xsoog f, dl/dt. sod the 
'yhxex xqoaior' for gyrorxxoxxioi or* oslnlxxid oelu 
■xcond ordxr rxioaaac* iqxatiovo goninllitd so 
rxlablvlitlo xliotrons. Obxxrvxd appar entofl 
alsrsatxrlitlM xrx litxrpntid in tiros ol 
oll-xqumtorixl gyrarisonot lntarsoUai raging sad 
dantxd propigxita llaltiX lo frxqaanalxs bxlay hell thx 
laexl gyroFrxquxncj. Tl* obsarvtd lover ntorr 
(rsqaanelxe rxrlxd eyoUMllcally wits irtsailttad r xn 
slope, xoggxixixg * tbrxnhold ke thx rxeoiul xlieumn 
nisbsr dxxilty shnvx vblah rapid tisporal vxrx growth sad 
■xiorat ion caa occsr. Thle eesaxpi le led to derelop e 
*° l FWjjHS dlxgiostla ttxbxlqae which, for XB assaaad 
g(0 )» n eliclree dlstrihotlon. proyUas *■ xetlext.1 ol 
tho energy dipxndxnoe a. A Lxat of thlo txohalqaa is 
glvti QiJaj u> dm ud a ilipllfiid vifi-pinicli 
IntaruSlM xlealxtlon. Additional XeptetX of bhe 
eegix tamphxrle rtspdno* to rxmp lejeotloa, tool going 
■alas tea trlggarlug, era dliaxeead. <VLT atparlmixs, 
vkleblirmdx propagsbleo, magsetem'phxris plum* 
d 1 agios t Ice. vsrx grqvu). ; 

J. Caophye. be., A, Paper tAUBfi,...' 


How saasurementB free the Rmergetlc Ion Coapoxlilwi 
Spec treme let on the Oynaelce Exploror-I aatelllte ravixl 
the existence of hybrid ennlenl dletrlbuc Iona which sre 
Interpreted ns the flret direct obxarvatlon of e two- 
atega ecco lore Mon nf Ionospheric Inna. Tha Iona dlaplay 
cheraoLarlat lea nf hawlog espar lanced both transferal 
and perellol acceleration In the proceaa of being 
Injected into tha nagnatoaphere. Thle algomtiire coniiatl 
of field Bllgnaent of the ion« et anarglcB jual show* * 
lower ooargy cutoff below which no fluxee ere oeeaurrA. 

At Inc real log anergy the Fleld-ollgned dlatrlkulloe 
gradually baconae a conical one whoao apax angle wldaai 
with Inrraaalng energy, flio lower onargy cutoff 
gtadually tncroaioa and than riacreeaai *e lha isiallli* 
novel ln Intltude le a nannor Ilka that round ln loa 
Inverted T'e. In ono caid ana! read In dotell trani- 
voreely accolerstod oxygen lone having auargisa to 5 u 
vara nbiorwad while tho lower Onargy lonx ware pilextl*, 
field-aligned hotvonn *ln end R70 n*. It le eon-.leJad 
that lonx were accelerated from Clio loooapharle plus* 
by a no chan I an acting primarily tranlvareo U U* 
gaomngnatlc Fluid et an altitude near la.HOO ks *nx 
additionally eccolnrstad through m parallel poteotlat 
that exceeded Mn volte in tho corn of the lnT V, ,1 
Tho heating mochanlra produced a hl-Haxwelll*n ■•• l J " 
but inn of oxygon lonx with trail over aa and parallel 
arolurea nf -|.J koV and -260 aV, tax pact tvaljj 77“ 
deduced ty density wae nn tho order of O.S es •» 1 
source. ( lanaapkere-vugeoteeplmra coupling, auroral, 
pnrtlelo accelornt Ion, Ion cnapoaltlon} 

*on lonra frea tho UMvereliy of Toxn* at l»ll** 

J, Ueopliys, Roe., A, Paper AAB024, 

55MU Hi ye Prupagatlon , .... 

IHE PLASMA HAVE EHVIHUNHENT flF AH AURORAL ARC: 2. « lr 

HAVES OK AN AURORAL ARC BOUNDARY 

C. fl. Gelpi (Dept. 01 Astronomy . Bds»in Un1W»l*Y> 

Boston, HA DCZl&j jra E. A. Baring 
On (Ureii g, 1978 s sound my nickel liunched ffj" 

Poker Flat, Alaska at 22011 IT. mada a 4-cnmponenl «*»- 
urement of a .5 Hr hydromagnetic wavs as tha pajrloM 
trossad tho poleward boundary of a quiet Ik»i»5|A«» s 
auroral arc. An energy flux of - 10- fi waiti/m* JJ* . 
observed propagating upward with a lafl-handed poixr - 
fat ion within the arc and a flux six Clmas 
observed propagating downward with * rlght-handad 
polarization on tha art boundary. The wave* h*™ 
tifled a> shoar mode Alfven wavei. Varlou* MM' 1 
the source of me free energy are dlscuisad with 
conclusion that the most likely production wacneniw. 
was either the elHctromagneitc or electroltdtlc 
Kalvln-Helnholtz imtabllUy. 

J. Geophye. Res., A, Taper 4AI1I2. 

Particles and Fields — 
Magnetosphere 

5736 Magnetic tall __ 4t . OA 

ASSOCIATION HTTUEBH nEROETIC PAATICL* Ru 
B IRK LARD CJJARBSTS 1H THX OZOKAOHETIC TAIL ' J|W 
A. T. 1. Lul (Applied Phyalo* Leberetexy. ’ 

Hopklna Delvarally, LauXll, ICax/lial 2070 2* ^ 

Kclmlgla. -xraall*- 

IMP -8 ohaarvatlooi In the (■ub*(biU= | art. 

particlaa at faundrsda of kaV and af ■*■■•*"_** prah 
axjslead for a xnblters period from 17 J* w,riM °* 
J, 1976. rex this Interval, U la 1«*^ ' 

■eavga tie protone da tea tad at s 6<xra* ir *** by ' 

•* 37 R lm the midnight tell xegish •» ValratlM ^ 
aaat-elat signs tie field pa rtnrbs HoriX *9“ o*n* llt: 
Bltkaland csrxast ahaata. The sagsltada ot U* (| 

Mold partutha tinos nsgal fxam -J w ,mo 

aorraxpoodlog to DU, cast dinlltlaa of 1 » fW« 

lutagra tad aver the aarrent iheet thloapea t ,{ 
value* ara comparable with preview*- . M •*}; . 

Bltkaland our rent* la tha nmar-sarth Ull * ‘csneB* - 

and with the aureral-arn-aaacclated ■!«*■?* ^ till 

danaltlia at low altlbidai aeeled " nt . ^ that 1 M 
ration. The favorable . epeparlaofl (iMl It 

eloauxe of ibbII-ioxIi BiHtaUpd e*rre Bt _ TH_ 

tesat lm lha a* Loataaaee, llae talteeu* .“.' j w [ ht.rf 
obaarwad Mrkaland onrfant syetap and .tT* * ( tth W 
currant danaltlea ora found to be J v( *b|apl t 5. 

taailgg Inatobtllly lm. the tall, ‘ the InfefM* u 
of the tearing mode along the Ull ‘‘ 

In tha oentext of the tearing ■«•*' r I.otrtf!®. 


J. Caophye. lee., 4. Taper iAUBfi. .' In the nontext of thf tpsrlng ■* J **’ , t(«trt»|* 

.... . . • Blrkaiand cor rants . slid tie '«eo**ira* l > ..jgrf) 

he twssm' eaves And rartlnla. dlskklbulleo of eqeraatlo' elaottbe* ,'V Ala ‘“l 

tW-MHffll (BDHHiALi ACCIUXATICR Of' tk*t the autistic paptloU Osagh *P** . 

lOramHcrara . .■ ooeur .. clo.ad magbatiu • ftoU .?(*«'«* J! 

D. M, Wrap*,*. B. K. .Petition, and! k. 0. Shelley (Spaco - 1*l>Wt(.|tiM'ala| dodfsAte*- *•* ’ 

Snisoeoe Uboratory. Uahh.id T»lp Alto 7iiesriai ? . Iheae trajiU. .. (Kami to tall, enef|»1‘J . 


DIUCT mCURI TOft 
lOajSPHBMCIOM 


.taluraV'^'or 3U1 Bsoowar' Straw t,>J 0 AltqVaUforala . C' V#. I loM 'oLI E-dS^f,* rent, t»«*g j'l. 

1 ! . j, • • '■ I J _ J ,i Dmopharo; Eae., A, Pepax. 6A8)01;"- 


5739 Magna toapxnaa 

TUHfNISStOH OF HAdff BTdllYXDRODY NAKTC WAV IS TUROWw tw. 
(WATIONAL OISCaWITOITf AT THX EARTH'S KAOH(TO"P»ll-g 
t. C. Kwok and l. C. Lie (Geophysics l Institute, and 
Dapartoaot of 9pac* Phyllaa and Atmoaphartc lelancaa 
3nl vanity of Alaska, Fairbanks, Alsaks «70l) ' 

Raf laetlan and trxnaaiailon of mail aqplUuJe 
sagas tohydrodynaale (HHD) wavia o( solar-wind origin 
through tha Etcth'i open oagna top.uaa ITa 
Tba open oagnatopauat with a nonxero urns I coanpaant 
of exgnatlc I Laid la aaauoad to ba a routLoMl 
discontinuity. For any typa of tha Incident „ av a 
there la ana raf lac tad wave (F*at lagaatoaonta wave) 
and riva cranial l teJ w.vea lone feat oagnatoxMlc wav* 
two alow magnet oaonlo wave., ana A 1 twin Bi „ , nd ' 

xncropy W*ve). In chla paper, oasea with dLff.nnt 
lqetdent esvas, i.e„ Alfvin v.ve, feat m.gneto.,„ le 
wava, forward alow oSgoatoaonLe wava and antrony VII, 
ara atudiod. It lg Found that d.p.ndlng w th. t, po aF 
Ineldant wava, tha Incident aogLo and th. orientation 
of tha ash lent oagnatlo field, the anplltud.a of th a 
xeanatlog wava* can ba xnpllfl.d. The rasxareh 
FlDdlngs a Lao aoggsaC that tha t rani ra l a. L„ n aI HMD 
vavaa aeroaa tha rout Iona I dLacontl nutty at tha 

larih'l ragoatap.ua. nan s. chan lam for 

tha anargf tranxfar froa chi aolar wind Into Uia 
aagaacoaphara. 

3133 Plaau Inscablllclas 

DRIFT COMPPF.SS I (HAL INSTABILITY IN THE MACH (TO SPUE RE 

F. H. Sg, V. L. Patel (Depertnaoc of Phvalca, 

Unlvereley of Denver, Denver, Colorado 80208), S. Chen 
(DeparenenL oF Physics, Liaoning UnL varsity, 

Shenyang, People's Republic of Chinn) 

Tha propartiee of the drift ccoprasa losal Inaca- 
hlllty In tba mignocoaphara with a two-couponaat 
plasma Sen axanlDad by using gyrokinerlc thocry. A 
dlpoU field Is uaad to opproxlrata cha aquILIbriun 
gaosagnatfc field. In contrast to the slab nodal fc 
ll found chat elect rone of tha Hoc component have e 
stabilising affect on the mode excited by tha protons 
Rich appropriate values of various paronetera, the 
wave periods la the range of 30- 200a ara obtained 
froa numerical calculations of the modal. Tha drift 
congress tonal Instability tiny provide possible 
xxplxnxtlan of tbe compress ional wavaa obaarrad In 
tha megee to sphere. 

J. Oeophya. Rae., A, Papar 4A1150, 
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J- fcophya. foB ., A> papgr 4A!laj 

Marshall Spac. PliahJ Uhor<,tot P. »*SA 

• srssStaifiasra 

a.-sSSTtS 5 

th. polar era ,0n ‘ " l hl * “ UltAm, 

a relerlvely " E ««« tee 

(-2 , FflB^y-SJ «i . large 

50 orbits of Iscsrdlng Ion ,tuiT U,1 "B 

•let. indicate th.t t£! 8 P" E ««t.r (gigs, 

fWCa 5 ZEZSSl obtaiusd 
•ha Impact «- 

tho magnecoiphare Th, i* 1 " “afoaltloq of 

Flow of Oh ■T - *" 1 °“ t - 

signlf least cILo.Itln^r^^ M9UlMng both 

J. Ceophya. Raa., A, Paper 4AB182. 

(ragnetoapher lo eubat™,,| 
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ANALYSIS '* 13,9 HJMTOms, CDAU-t 

j. H. Barflald and C. B. Lin. (Danart»M. _ 


Nominations for AGU Medals and Awards 

WlUiam Bowie Medal. Awarded for outstanding contributions to 
fundamental geophysics and for unselfish cooperation In rescarch. 

Waldo E. Smith Award. Given for extraordinary service to geophysics. 

A ™[ ded fQrorl k‘ n al research and technical 
eadership in gLomagnet.sm, atmospheric electricity, acronomy, and 


related 


sciences. 


koIt“ H oft1" h M s C ^st G1Ven f0r ° riginal COnlribUti ° nS “ the b “"= 

un^rSln^nh 8 H . onora l ao ^dividual who has led the way In 

ocean who k Physical, geophysical, and geological processes of the 
strum SS \ i lcade ; scientific ocean engineering, technology, and 

instrumentation; or who has given outstanding service to marine sciences. 

RianT ES MaC .? lvV , atle Award * U P to thrce awards are given each year for 
gnihcant contributions to the geophysical sciences by a young scientist of 

outstanding ability. Recipients must be less than 36 years old otf November 1 
of the year preceding presentation of the award. 1 

JXttT °l n °7 lnat T OUtlIning contributions and 

mcula vitae directly to the appropriate committee chairman. 


1733 flora* luttbliuiea . “ C ' 0< *(»■.* wait g»g».phie Unnltud. , 

aswa -0 ” - " -p L 

H. /. renglA, H. C. Lem end 0. I, Ferke (Orapbyaioe Pro- " J ca ^° ral oh*»ot.,iatiea of the ' 

5^) 1M0 - or W 

ft, LurbulMt pluea deTiLopmeat of Lee ud Park. s> rh *" 1 — «*«(Ted .^ 00 u 1 

*£1*^ th * * 0lW " wiBd xpprotohlag tha earth 1 * bow Ltar .t'vllf 4 *** 1 * l 1H0 Iff about 17 minutes 
£*"■}“• ^ Poni-P—tiv. fore. eoetrlbwtloS a « M0 “‘' 00511 5 wae at 02 » tT ^ 

"““ tl0 " ms propegetlii* in the dlreotloa -- v IHran" *”- ► ! " “P»«*an phux, bau, coia 

of the ubfaat engutle field. in this eras, the ™ diiraL^Tf? ^ sr ~ Ul *»*■■ th» ".ij 
l0 “ * <>0,Utl0 “« 14 •‘> 0 " to eetlefy nad.^tT^.^}”'?' ^ a ‘ 1 " uU ’* 1 «-J»oant 

the oublo aohroedlager equation. Modulation*) lost* Ml- ?! 1 Iwa , tw. , d| emraios. ^ 


I a* a. xn %m BQUr wind, thortbv 

p radio ting the (soerotloB of eaUtgrr nvea. Thu 

efc * ion wvee wUah 

•xhlUt thle luUhlllty hive ahert ireveUngtha. (Soli- 
tary nvas, Ion aoouello , pooderemotlve forae). 

J. Cauphya. Raa., A. Paper 4A8126- 

57SS Plaima ins cab 1 1 1 1 1 „* 

[fJi™™ C ““? SS ™«*T« ELECTRON BEAKS 

vl .1. L 1 (^.-HaneL-tmciiut TOr Aaronumla, D-3411 

S“! & - FBC> - ”■ Benue<f - f-j - *«»•*. .- 

I o° B v ralng roeVst-borne Inacru- 

raln!ra! hl’T “" tirBe J ■■rlter obsarvation, of f U L 
niinataxpharle setae, .f artlflcUlly Injected Bnerra- 

h. ilS 0 !!:.* ,0taI V -’ 14 . #cho “ h «- bo« obxervod 
1 *! ! "* l * rin 8° * to I 10* .( nnorgic. of 

f" V ; ' JUt U,t * "iipbsr , 9) .rto®, ca „, d 

\ a W ? n F , 5‘ ed M,5t > >■"«» accelerator opa- 

l‘ " 8 J“ V pnor gy nnd highest currant 

or?«ira!l! dcc,t ™ ln «tl->n Of trxn.lt time* 

In «« -fcen eefoe. 

SSui!^ en ° TK th,l,,n,l »' th « h‘Bh«r onargy 

!! r * narBy ** 50 l * 70 "*■ 
*PPH®d ta chaxe ebxarvxllons vl.lds * 

* 8h w ?' *“ C0 4nW ta - ^ •U.ni.uJ ln- 
£ d««l£l! 1 Smi r, Sf lT <uld ,r * relative merit 

£^£=rsrj: = 5r?j'.'sr 

d.!.«fra In “” ni r *1 u ‘ r « i! for xucce.xful echo 

..raccion For both prat* axe*. (Arclf (rial alxecron 
“■ f,,t “egnecoxpharlc aloctron achoox). 

J. Geophyx. gaa.. A, Paper *Ar|*7. 

^STHP, 1 r ‘ tonv « cloD - or circulation 

Sf^ 1 !S^Sf CAP C£WECT108 pm ““ s «» 

SpaJi Fl?!!, 1 ?’’*" Sc,ance Laboratory, NASA Marshall 

P rw! F lB ! 1 C,ntor ’ ■'“tevllle, ALabamn. JS91J, 

netu !r!fi 0 of • un 'f»™ Imeipl. nac.ry mag- 

uaad ‘ V 1 * Ch ! B “ rth • JI P°'« magnet Ic field la 
w , ,Uctrlc »«W canvactlw |.*t terns 

c«r the polar £ . pi thae ruault frOT lolar wlnj rlt>y 

“»x. open goomegoatlc Tlold lln... Thf. model la 
“ CO "! t '“I POlar-cap convactlon 

Field n,2.! lunation of tha in to, planetary nxgnotlc 
oflarx ?" 8 Y an ' 1 In particular, thx model 

™c . n*L P r“ el ?" fnr ,unward and entleunwnrd enn- 
Sr [ . ,lla " ol «- «P» For 8, > 0. Observed 
and ob*a^ “ rr ‘! t “Uhl" tl.o polar cep 

■leo i ‘ Cro *‘ tho P»>«r c«P are 

that xhoiill i P™8 Let Iona concarnleg thn polar nap 
.« teB .“ bU - »F eolar wind p!n.- 

■Ixttric eurrentx on aagnatoapherfc 

obraraxd “® net B fl ra naglactod. That 

thu tv, S, ? r B,p Foeturoa ara reproduced xuggaxta 
■«!. raa!?; • et : d a " nta io njc — ir» tb. licgo- 
oxeic field “•"■“•Pfcurte electrlo and ug- 

Wirxt th« ! l !" B “E 0 " pol ‘ r “f Fin id lines. OI 
the aaiJun JraM «'»«lFlcenclr modify 

thU paper ara^i" th “ tha "F 

details !I, h! f 1““ elt «“vely rn.U.tlc and many 

Pr«I«!aT.!Lra C<>Er ! Ct ' Sav » rch * lo » B ' th. medal 
Futures OF explenae Ion for many quallcatlvn 

or polar C xp convactlon. 

Bee., A, Paper 4A1139. 

WBCBBlHa TBS^arvnlll, * tlBO * ° f u 8 n *li c fUM 
b.J.Tnu^J® 0^ HI H7L8ATIORB 

**'«»». NTIm/b) 1 ‘■P" 1 * 1 Cflll *8«. 

^‘ronomy. I..L iDapartmaot or 

»• UA a? D : iv ; r,l ‘T. loxton, KA 0**13, DA A) 
k'latxnt to eh. * J*rl.th.flr«tfcxl con* Id tra If cox 

««EvIty, i,|* * a ,d ■*** Mm BDaat of geDuioetle 

«*uldlecy eurrant “*'“ 1 " , *“ ,0B ha " 

^‘Fharle !** “ r “ 3y auroral 

k*8 Ion. , Thi^““: l !r BI 'h*oc«m*nt. f B the elactrejat 
deli-, 1 {._!! "I r “ l F 10 * 1 . **168 Include 
■iin AlFvan W.»II*!**’,! P0 “ ,Ki,t,d »l« eaHeoted 
ILctxd low, „!!!!! e« the Held line, wtaloh 

II. Thu. th. 

lfc « * If Dx 1 Sa I!" " letltmdieol xtcnctura le 

MUrimJ; “ "S'" ” ltia 01 thl 

propagation of »»*** T 0 ® l f waxlward phut 

W'Wll. u. -- - ;»*•■* Ine. in tha light of ear 

‘‘•Tailing mn, inilJ* 1 , 1 ■ vperpo. 1 1 Ion OF two 
» bj «. *■ r,,uir#4 10 

J ‘ 0 * OPt ‘ y ‘' a, ‘-> *. Papa* 4A116S. 

"■ T - Pa!!?,.™ “Lf* 0 D8H8IT1S3 

F%,lei Ltbecaea' 7 . Johoi Ho P'‘ ln * Dntvaral ey Applied 
. “«• ft* lh! c ,L ,,, ■ , ' 1,1 T land, 20707) ' 

•kpxtleanc F[*re\ *" Br 8y Cha egad Par tie le 

*F ,e * •inxltlti I. *,'**, u “ 7 L* ea loulata ton phaas 
UF, llm h J«Pltar s magnateephera. Cxleula- 

Hrflola 11 ,nd J l TAflulraa detwralnatlena 

! ,,r *T. It i. *' ■pesiris pitch angla and 

* **■ 1*tarmln*tl « r n“n»* Oncartaintlaa 

*}•/!(, la T* OF f froa LECP data aril* frea 

fjF**rx.tiai ru,2 nr,d p,teh 3 1* Iclbutlnnx and 

^lila ueoaTJlffL' *e aatlwra (■ provld.d 
!tf U| duffl?-*-- och,r * Arlalmg from radxl 

U* " Mt »L Batxr a ■*"* *“* B * tle 

z! ,t4 Fills* loa J " B " le .eenalxtxqfr with 
J” "* . ***•• energetle loo* from . the . I 

ralTi*** 4, YWd P aI ’ k7^ b, . M . d *•*•« W bet 1 

!??“t*!t :!»“ « In. .Thais idea., an not i I 


I raearva'n! ^ ** ^ 

obram clwar a-jhaLon, ilpuw rtl faeflanxa thar ware et 
oubacorT 1 ! ,uu «*eervacione for cna rirat 

the eurrant *^,1 

proposed by ^ph.rr*, « ^ 

rlelde, megaetoipbeclo suhxtone, cDAV-gl, 

J- Ceophya. Raa., A. Paper 4A11B3. 

5799 General (Duet charges) 

;EE\22P ,,ti “ and FARCES in a DUSI 

LLOUD EMBEDDED IN A PLASMA 

0. Havnee (Auroral Observatory, Unlverelty nf 

HWni r, 5 W*™? V C? E. 

Merrill and K , Geertz 

Mat c ; 1 “ U * ed th * P 1 "” 14 lupt poten- 
tial throughout the border ronton of xeml- 
Lnf inlte d<jBt clouds wntoddod lr. a plasma A 
relevant ordering parameter le P • aV, A /M A (dust 
radius 1 in microns) x interior duet d^8ei^y 

“ ! r r Por ‘‘'« h dene l- 

tloa (P . 10 1) thu Cloud pr-tcntlal le high, 
screening our oloctronn, with lew interior duet 
charges at a result. For decreasing P tho 
cloud potential bet owe a loae, with a correspon- 
ding Increase ln the dust charges. At P t lo" 5 

*! f r « el ««V m» end tha 
duet particles have their maximum charge which 
la identical to that of a single duet particle 
in . pi j ana. F-.r Hff'jie duat cloud herder 
regions with density scale length much larger 
than the Debye length, the dev La t Iona from 
chargm neutrality ere small, when the scale 
length la comparable to or smaller than the 
Debye length large deviations from charge 
neutrality occur In the border region. (Duet 
chargee, planetary rings). 

J. Ceophya. Pee., A, Paper 4*817). 

3799 Qoneral 01 alecel lineoui 

VERTUS8AT1 OSS IN THE VELOCITY DISTglBlTI*3 IN A 

cold 9 ionless plasma 

J. H. [euigoy 1 Physics DepxriDent, Inparlal roll*.*. 

London, 

A range or phencceDB IspHiiinc In epees plasus calls 
for slmuleilon and can he approximated by the lwo- 
dlmsnelonal geomacry In which the magnetic field lines 
am straighi and parallel and all gradient* arx 
perpend Icu I ir to the field- The design of Simulations 
itsoir tsetlviiai snelyclcsl thoory. In this ce.e linear 
rboory for 1 velocity distribution. A gin.nl 
formulae. Ion nf linear th.ory with tha unpirlurhad state 
etratlFled u.xs the oethod. of Robartxon et *1. 1171!], 
the constants of the motion being xnsrgy V and 
canonical mMxncum P y . Tkle lx developed using chi 

nor Iodic Icy of any pare lets trajectory, trading to a 
■Inplo condition doteralning the direction of energy 
exchtngo hatwixB reiniani particle, in u elra.nt 
dVdPy. end s wave, which is s gsnxrellutlna of the 

onxrg (ration of 1 wavs by an overtaking beam. A Urmnr 
radlua expansion lx perfornsd including tb* eecond 
harmonic of tha trxjaccory freqoeacy, but no higher 
harsonlce, ud including the grxdlent of th* electric 
Meld, which would be weeantlxl for Eelvln-Helmholte 
Intcabllity. Ihe objective le to determine the 
dopxndence of the pertnbatfMX oa gyrophase. 'The 
Important rasult la that tha third Fourier component <■ 

Of second order ln thx Larmor radlua and tha foimnlea 
are obtained (or the Fourier Ctwpoo.nu up to th. 
second . Vhen the Larmor radio* xxpxsiion is valid, 
fine structure U the velocity dimtrlbotloa arlx.s only 
from raxonancxe. A less rigorous dlstuxsloo or tha 
opposite cue, treating the magnetic field *1 weak, 
shorn thae paretclaa Inter chan the phaxs spied pus I 

through resonant* ln the some or stationary phasa. ‘ 

This generally dominate* the par tnrbat Jons, and < 

generally chase vary rapidly with gyrephaxs. ' 


For the Bowie Medal] 
Donald L. Turcotre 
Department of Geological 
Sciences 

Cornell University 
Ithaca, New York 14850 

For the Smith Award i 
J. Freeman Gilbert 
IGPP A-025 
University of California, 
San Diego 

La Jolla, California 92093 

For the Fleming Mcdali 
Thomas M. Donahue 
Department of Atmospheric 
and Ocean Sciences 
University of Michigan 
Ann Arbor, Michigan 48104 


For the Bucher Medah 
Rob Van dcr Voo 
Department of Geological 
Sciences 

University of Michigan 
Ann Arbor, Michigan 48109 

For the Ewing Medah 
John M. Edmond 
E 34-266 

Massachusetts Institute of 
Technology 

Cambridge, Massachusetts 
02L39 

For the Macelwanc Award: 
Adam M. Dziewonski 
Department of Geology 
Harvard University 
Cambridge, Massachusetts 
02138. 


Deadline for Nominations is November 1 , 1 984 


A |>r- 7 • c- |G ',..nylf-.. s i, ,.. Mi . , 

'i'll! ultr KMarzle ,(• hi Oh BCF . cn. , nir , 1 1 ■' , 

reu' ll.opgly rcicnbl.' Ipt-llo 14 g.lbrch.-, i... ‘and 

xllall ancrth.jsltf! and >R[lP-r1,h re.., 5 than the, .r 0 

.Mhrr Apollo |h !*r.pl,s. Thl . #UlDr elis „ , n fc>? 5 s , 
(hr Irrroan ancr tl.osl L-s. fol.itp.ihir no It r«l Sl an ,j 

ranrcliAi) 9>*huMt. j. khtef. s>e typical of olf rr 
feMspxthlr (ragncrtal hrccclos. E.railrsilrw of lull 
and nlroral compel , Ions fll other l.n cries and rwlt 
■ Odi tup.ioit* that alkali g^hbronori to ray he * minor 
ermponrnt („ oil,, North Po, cret.r h.crrli, *nd 
IrlUspn (Me roll locks. TM» Imp) lot irat xllaM 

gsbhl uKD> I ,p .St X l»(r)y Oirly J4.n „ fruIt ,| 
emponont In The North P*y tralei region. (Apollo 16. 
brccdii, pristine reel*., rare on in eU-remsI. 

J. Geophy.- Fas . u B. P*psr 4BM)). 

0560 Hecenrlrlcs 

SSSmS of “ F,U£raR¥ '" clusloss P1M ™ E 

Olenn J.HxC Pier son, Lawreras Grjxicxo (Deparxmsnt af 
ths Cao physical Sciences, University cl CHIeega, 3734 
South Ellis Avenue, Chicago, IL 606371, Aklhiko 
Kashlmoio, Nlryia Ber-Ket I haws, end T.uyashl Ten.ka 
NlnerelagLcal end petrographic data era presented Far 
ten rarnccary Inclusions recovered by rraa.i-Lhav dis- 
■ggregetlon end heavy liquid sepexetlan (ram the Nur- 
chtesn C] ehondrlte. On. hlbonlte-, eo.undun-rlch ud 
two hlbonlte- spins I loeluxlaai ere completely unlike 
•ay previously described oh|o«s. The cocundum- 
bosrlng Inclusion hen a hlbonlte coca chic (a partially 
replaced by corundum, which Is Itsair partially 
replaced by hlbonlte. It fumed either by condensation 
during varying physico-chemical conditions or by par- 
tial Incongruont malting of hlbonlte et iTIM't ro 
fern corundue end liquid, follcwsd by distillation o( 
calc lorn from the melt sod meet Ion or the residual 
liquid with same of the corundum upon coaling. Ths 
molting teaperstaro required le the lattar model Is 


J, fleopliya. Baa., A, Paper 4ABDD0; 

Planetology 

GS40 Interior of Noon (composition) 

KAGKSIM ANORTHOSITES AMD ASSOCIATED TSKFOLITCS AND 
WJHITI IN APOLLO [4 SflECfrAS 
H.H. Lf rid otrom [Otparlmnnt or Earth and P lx notary 
Sciences, HaiMngton University, St. Louis, HD 63130.), 
S.A. Knapp, J.H. SJmrvali and L.A. Taylor 
Hagnoslan dnorthotfte, 1 new type of pristine liuur 
highlands reel, |hi boon fobnd In Apollo 14 breccias. 

It has primitive (high Go tnd Kg) silicate mineral 
compositions, and high and variable REX codren Irat Ions. 
Yerlatloni In REE content, cu bo accounted for by 
variation. In eodil abundmee of REE-rich ipxtflo. 
Hagncilan anorthosltci ere xiioeiatcd with troclollUs 
and a dull to with very similar mineral coepoil lions and 
It Is suggested th»t ell eryiulllzed frep x dlfrer- 
Dnlleted trectolltIL Intruiloe, The origin or tho 
REEnrtch apatite Is nnlgmitlc. K It unlikely to hive 
crystallized from an tgiNWH liquid in equllibrliw with 
Lbs major, mlnsrals In the xrerthoil la. Possible 
origins ere iHlmllation of ipUECP er wiiiomxllieby ' 
REE -rich fluids. REE- rich el tell inwthoiltei ind 
gzbbronoritei ato iUd foizvJ end ere likely to be 
rented tp KREEP tM*47t pxgsu. Lunxr (aqwiitioiw] 
esiocf a tlons *ro MatHIWUd 1* ■ reglopel ritimr. lhon 
global manner. (Apollo 14, pristine rockt, phosphate*,, 
raro earth eltmagts). 

■j. Oeophya. Res., 8, Paper 4B3831'. 

66*0 Interior of Hoon lefldpoiftlM). • . 1 

UJd.Lt GAflBftfl WRITE, MM*"' SJPJ^rM.r ' 
DlYERSt SUITE Df CLASTS lil.llOBTH.RA7 CRATER fElDSMTHIC . 


!!? «• proUhlV^ 1 * sw.splRg by In elome. • . FRAGItQITAL BRECCIA WK ■ ■ 

^"•tloo. ’*2 n! U *° 10 lew* wsra-pertlel# ll.lT.LIntfstrw (Owirtment .of Earth ondi Pleeehry ■ 
I!* ®*u I, v* * , 0 V e,t ‘ -B loae- dtdoeed from Science, itoihlWtBfl University, SJ- C°J|4r» P u 

dll!"* ® Ffusinn ,BOW " u Rest' To, ran.Iit.nl with '• .Itewr breeele (W '.f« A WWipRrtft frtguwiljl 
rart raiW'. . meseeted Ion lera get. •, braccIn frra Nnrth Mr crater. Apol o ‘ 

. k*P idly then the dtreug-dlf rqitdo • ? ' elegt* elkall giWroqorlle ind dltra-KREEPy tafl 


Far above eStraphysLcel set lutes of n*buler temper* - 
turae. egeept porhxpx at the very canter oF the nebula. 
Ths hi bon its- spies I Inclusions era beautirml lacy 

•liras' tax af cuhadrel hlbonlte pletox, me of Irtilnh 
wore piBudnonrphicel ly replaced by eptnel. Textural 
provide compfLlleg evldeecn of e vapor-solid condensa- 
tion origin ind clearly show that spinal foraod by 
direct teietlnn nf Filbonlta with the solar nshuler gas, 
elthout the Intervention of CeAli,D, mud pilar to con- 
donsxtlan of mall life, la conflict with squi librium 
tbireodynemlc cslculetiaoe. ftrar blue hlboatia-.plaul 
■phs rules era dsscrlhsd, three of which differ Crae ell 
prawlauely stadled membtrs of this class le halng 
intensely altered to phyllosf licete end cilclta. Doe 
shews svldsnca of two atagss of eliantloa te phyllo- 
ellicarai, peiiibly oh in ihp solar eebole and the 
other In the pertst body. Two of three pyroxene-, 
spiral-, farstsrttn-rich lestniloas dsicrltad hsrale 
differ From previews ly stodisd meehers of this grmp, 

Ms lm cents in leg a peculiar xmo.ba-xhiped aplnel- 
pyronna core suggeitlva er e vxpor-soili eendsraitloa 
origin and tbs other la craialelng s xpheroldel care 
suggestive of eryelalllSAtlea from a melt, Tha tor- 
ch lx an parent body siapled mil. rials that farmed under 
s wide reegs of mxkulir coadllloex end oonteias many 
objeeta nompoaH of more refractory phase esssehlegsi 
thu era found In molt Allcede Iraluatons, • (go Jar 
nSbnla, esrboBIceous ehomdrltal, emid.au ti DU, •. 
refreotafy imejeflieme). ., 

J. Goophye. In., 8, Paper 413*23, 

6370 Surface of Keen 

APOLLO It «n mOLOCY AW IMPACT XELTNi implications 
rm to Moiooie hibidu or the uhar hichunm. 

P. 0. Ipedte (U.l. ecological , Survey, 2233 With 
Domini. Drivei Plsgeuff, Azlsoee 660Q1) 

Till Apollo It million provided direct Simple! of two 
lunar higbUnds geological linltai th* Dtseartex and 
Ctyley Format Inna, Thn Waesr*ae fcreetlon la 

. lntarpratad as hu ee ia ky Rneurie baste : mjacu, 
ceworkqd . by escoedery . lapse c* frem Um (mbrlra 
basin. ; .The brief • Permit l«) vs* eepleead 4* a 
cnnssqntacs of tho lmprln.' Impact and- Incorporated 
luge qHntltles ef' the local enha trees, which In this - 
region censlxu rnsitly et ' toclifla ejecta, rag 
coapeattloa ol the upper Crust, in. this see* lm 
primarily ararthnalrfc gibbrni lonal enure near the 
site ' would produce '-aa impact xialt • of .this 
composition. 1 estimate, the Mtal vetrae of pate malt 
with lit the -Apollo 16 site deposit* to be .beat 401 or 
lea*,' significantly naallnr chan previous intimates. 

Two ah an leal ly ds fined halt granpa toned at Apollo 16 
:*m' br . bcoedly lnw-(( ffi . Hum (IXftO has ale 


■ ocp. -w I ■ l-m u..| • wild nor be pru iuend h« lul ^r.«!..r* 

In «h.. reglvn. Tho vjl.nelr Ically mail Import.int -..-It 

grw-ip et Apollo 16 Is of alus I nous Lkn eaapo.uian 
and appear, ro have formed in one event mi 7.*: At- 
ihose rocV. probably reprwsene Heeler [1 basin lm r ecr 
meli, lobrlun has In topscl ralt ny alio be present 
In ‘|>iantlile* of l«x* ihxn IT. n,e nodal prasonted 
here euggrain the* ibe De.cerlcs FareaUoo IHactxrl. 
ojKia) I* e mo -component mixture ol .nortna.lnc 
else tic debris ( *90X by volume) Ixdxn with aluminous 
LKFM Nec tula basin ImparL melt !• 16T by voliae). if 
the age of tbe Nec urn basin Is 3.92 ae ms euggmstrd, 
then chare fa probably ra In ill, prleordlal eurf.ci 
daring (roe tha ties of crustal formation, and ilw. 
toral ihUluieea of aba highlands "aagaregol tth" uay b* 
greater ih*c a factor of ten higher then the currently 
quocod value <1-2 knl. (Apollo 16 alts, lopaci Delta, 
Seciarlm bealn). 

J. Geophys. Re. . B, Paper 1B3S0I. 

6370 Surfae* of Wan 

0F or ‘E«TA1E BA5IN DEPOSITS AND 

fS". TH 5 T" »« I *-WIM1K PROCESS 
p. p. Spud I. 10.S. Geological Survey, ms garxh 

e"*?. 1 ArUon ' BMOl), B. ■. KeuLe 

aoreL t 'I. ,, !to l * b ‘* U '’ °r th * lu “ r «•*■« Itah. ha. 
earced as the proto ty pm lunar multi-ring brain for 

!S 7 fo»raL B ln J Td,r “ of 

I. Bnd ,Kr, Y«Hon Of basin electa, wm have 

etudfad iti composition B y Or lent* lm basin deposit* 
umlng both xirLh-bmeod epeccral rmflmcuacm and Apollo 
orblul gaochnleol date. Rasul ca lndlcacm that 
2ret Blal " ■J“= u "M dominantly oaortboaleie 
r‘^:° aPO,,t r IOn f r *"* In « Fra* purm anorthoxlra to 
r ittc u»iih«iUag Although alnar fiULvLfl clai «r 
m«ri baamli end low-K Pr» Kaaro buaLt arm present, 
KRESP componante appear tn Be absent. 

Fort Iona of rhe inner rings at th. brain may bo 

z'r£*A l “ ,hDck ‘R”** -»»d 20 

i W ' tom jo nc Hoe with phoiojralogic 

ovUeeeo for tbe preemrva lion of ersbasln lapMtssIn 
*nd etruetura with to tbo Cordillera bee Id UK'' 

'J* 4iom*imr of the excavation crater of 
thn Or ion tola bealn le me the aider of 300 to 600 
W. Effective depths of excavation arm probably , ala 

thlH IraJ* ’T 1 ' * h ". ,oe-1 ‘«*«l ehiekneee, which In 
Ule region 1. on the order of I Oa ka. Vi hmd chit 
the dr Ian tale Impact mxceveud dominantly upper 
drw.t.1 rock, with e depth of .xcevetlDn ooln.t.nc 
with e proportional-growth, baa In-forming medal, 
(OrlentelD basin, ejects, uspMltlon, baeln 
icraattony. 

J. Gesphys. Res., B, P*;x.- 4BSglf, 

6373 flurfac* nf plmnere. (Kara) 

PMTTR^THMIH 0 ' . WAa r TB ? O, v PNOlO0y *" WAET2AIF 
K “ t, ****B R, C. Rocha L (Department Q r 
aaology, . None hern fUlnmim Unlvereley 
C* cboqdele, EL 6 2901 ) g. T . f- S!m” : rmm * 

a re l, JII!! ,t mapping In the moreh- 

rae ! i Imrrmln of Dnuteronllun 

eed frocenllme Hemaee ehewa detail* of t hm 

reI!2n <0 Mra ,l * , «9#eI«tSB ln thle 

IlSel .w H "•■«Ug eppnerm t a have occurred 
terrain boundary (erg) at 
th. ekpemqe sf .Id cre.sred terrain, u"h It 
the boundary rtmmeiiea of eld cratered terrain 
flmrrmuiidad by .gtenmiw. 
dcbrlt. aprons, quantitative study wafng prln- 

i llll :::rr: htm (nA > 5K- 

; !ra VJ* e J ■ lve r la U one in tb. margbclagy at , 

lulll.ariw I*", ttl# r "* U “ »uppqrte the 

‘ lil«rpret«l.s, -.do .during a «o- 
murphlc mapping, Thae* 

irail-jr*"!-] 1 B •?*!■** * mmgltmde end 

latltede. end therefore with refareac* te 
dlet.na. fpeP th. cti, end provide clmee te 
tbe. degrade* LmneL history uf the tegloe, 

V , " d 1 ,v, *“* 1 •■"d forme irr.epecclve 
ef. their I Dost Ion to the CT* euggeeta etrone ' 

■truer. rml eomkt.l at tb.lr l«r.,' I.!.. mS 

. rfame 7 *«rih l¥ | B ' f ,M«Ol (4 c.e tm-n«rrow . 

"M' 1 l,, l* debrla eprupe efter the*, 
.verm .detached frgm old cretekad terrain. The. 

eUnoM. 0 f PGA (n explaining p.tt.rk. ln thl 

dig ride 1 1 oriel' landfam eaggeete that PCA may ' 
i* Tmehnique' uemfcl laqeentKy- 

erafar. A , , D “ B * P h tc ■v<»)men a f che Hirtl.n 
raJllf*' l**?' morphology, frettbd 1 * 


terrain, prlaclpel componaPis enmlysl*).. 

J. Graphye. Ret.i ■* Paper 4*30051 . 






